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AN ACTIVITY TEST FOR CHEDDAR AND COTTAGE CHEESE 
STARTERS'* 


B. E. HORRALL? anv P. R. ELLIKER? 
Purdue Agricultural Experiment Station, West Lafayette, Indiana 


Preliminary studies on slow acid development in the manufacture of cheddar 
cheese in Indiana demonstrated the necessity, in a plant starter program, for a 
simple, accurate test to determine the activity of starter cultures under condi- 

tions simulating those in the cheese vat. This report deals with the develop- 
ment of a plant test to determine activity of cheddar and cottage cheese starter 
cultures. 

High activity in starter cultures appears to be of more importance today than 
in the past because of the general trend toward pasteurization of milk for ched- 
dar cheese manufacture and consequent destruction of acid-producing organisms 
normally present in the raw milk. 


REVIEW OF LITERATURE 


Whitehead and Cox (4) devised a method of testing the vitality of starters by 
simulating the cheese-making process in pint jars and testing the acidity of the 
whey at various intervals. This method or modifications of it have been used by 
a number of laboratories in this country. 

Elliker and Frazier (2) determined the activity of Swiss cheese starter cul- 
| tures by growing them at temperatures near their maximum in sterile reconsti- 
\ tuted skim milk prepared from the same lot of powder. The rate of growth was 
| determined by direct microscopic counts of living cells and also by determina- 

tions of pH and titratable acidity at hourly intervals over an 8 hr. period. 

Anderson and Meanwell (1) measured the activity of cheddar cheese starters 
by adding a 1 per cent inoculum of starter to sterilized milk and incubating du- 
plicate tubes for 6 hr. at 30 and/or 37° C. The acidity then was determined 
with 0.11 N NaOH using 1 ml. of 0.5 per cent phenolphthalein indicator per 
10 ml. of the incubated milk. 

Johns and Berard (3) in studying relationship between overripening and 
starter activity, modified the Whitehead and Cox vitality test. Fresh sterile 
skim milk was inoculated with 1 per cent of the culture. The samples were in- 
cubated in a water bath at 86° F. for 2 hr. and then transferred to an incubator 

Received for publication May 6, 1949. 

1This study was made possible by a special project grant from Kraft Foods Co., Chi- 
cago, Illinois. 

2 Now with Kraft Foods Co., Chicago, Illinois. 

3 Present address: Department of Bacteriology, Oregon State College, Corvallis. 
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at 102° F. where they were kept for the next 4 hr. The samples were mixed 
carefully before sampling and were titrated for acidity every hour. 


EXPERIMENTAL 


A survey was made of activity tests for cheddar cheese starter cultures. 
Certain of the methods were rather time consuming and difficulty was experi- 
enced in obtaining uniform results by methods employed in the average cheese 
plant. Consequently an attempt was made to develop a method of determining 
activity of cheese starter cultures that would be simple, rapid and yet consistent. 
It also was believed that the method should involve a test of a culture’s ability 
to develop at or near the cooking temperature employed in the manufacture of 
cheddar cheese. 

Procedure for activity test developed. The test finally developed for activity 
of mother cultures and starters employs a reconstituted high grade, spray, non- 
fat dry milk solids for the culture medium. The use of whole milk from a 
selected herd as a medium for the activity test was attempted, but the results 
were less consistent than with the reconstituted milk. It was believed that if the 
same lot of milk powder should be used over a long period of time, one variable 
factor would be eliminated. The reconstituted milk was prepared at the rate of 
10 per cent of the non-fat dry milk solids in distilled water ‘and was heated in 
flasks at 15 lb. pressure for 10 min. Respective 10-ml. quantities of sterile 
milk were pipetted aseptically into sterile screw-top test tubes and adjusted to 
37.8° C. in a water bath. Each tube was inoculated with 0.3 ml. of the starter 
culture to be tested and incubated at 37.8° C. for 3.5 hr. Then the entire con- 
tents of the tube, together with 5 ml..of distilled water used to rinse the tube, 
were titrated with 0.1 N NaOH to a faint pink color using phenolphthalein as 
an indicator. The results were recorded as per cent lactic acid. This figure 
was termed the activity factor of the culture. 

The test outlined above, or an earlier modification which employed an incu- 
bation time of 6 hr. and a 1 per cent inoculation, has been used daily in 20 
plants for a period of more than 4 yr. It has aided materially in selecting 
starters and cultures to be used for cheese manufacture. 

Comparative results with proposed activity test. Figure 1 represents a com- 
parison of the proposed test for culture activity and the Whitehead and Cox 
test since the latter method has been most commonly used in the past to deter- 
mine activity of cheddar cheese cultures. 

Many comparisons using these methods were made on mother and batch 
starters. One representative comparison on the mother culture used to inocu- 
late the batch culture subsequently employed in the cheese vat is shown in 
figure 1. The milling acidity shown represents the rate of acid production in 
the cheese by the batch starter organisms inoculated with the respective mother 
culture. The other two comparisons shown in figure 1 represented activity 
tests on batch cultures used to inoculate cheese milk. ; 

The points plotted for the Whitehead and Cox test were the acidity of the 
whey from the third or last draining which was taken at the end of 6.5 hr. 


| 


ced 


These points represented the average of duplicate tests. The original method 
of Whitehead and Cox involves an estimation of the activity based on the dif- 
ference between the last two titrations. The original method was followed, but 
for purpose of convenience only the last titration is included here. 
used for the Whitehead and Cox test was whole milk from a selected herd. 


ACTIVITY TEST FOR STARTERS 


This test milk was pasteurized at 65.6° C. for 5 min. 
The new activity test was made in duplicate and the points plotted repre- 
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Fig. 1. Comparison of proposed activity test, Whitehead and Cox test and milling acidity 
of the cheese. (Milling acidity for series D necessarily represents one transfer removed from 
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sented an average of the results. It was found that duplicate and triplicate 
titrations with the Whitehead and Cox test varied considerably. One duplicate 
test varied 0.3 per cent and others varied as much as 0.1 per cent at the third 
drain, while duplicate tests with the new method varied only 0.04 per cent as a 
maximum. Most of the tests showed less than 0.02 per cent variation. 

The batch starter (series A and B) was made with whole milk in 10-gal. 
cans, heated to 87.8° C. and held for 1 hr. The amount of starter used in the 
cheese vat was 0.7 per cent. 

The curves on batch cultures series A and B suggest that the new activity 
test predicted more accurately the milling acidity of the cheese which is an indi- 
eation of the activity of the starter. However, it is realized that the proposed 
test will not always predict the milling acidity of the cheese because of the 
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Fie. 2. Activity of one culture over a period of 18 days. 


effect of such factors as variation in rate of inoculation of the vat milk, quality 
of the milk used, presence of bacteriophage and overheating in the vat. Starter 
cultures that developed sufficient acid to yield an activity factor of more than 
0.35 in the activity test usually resulted in cultures that were active in the cheese 
vat, providing all the factors listed above were eliminated. Starters with an 
activity factor of 0.30 to 0.35 usually were found to develop acid more slowly in 
the cheese vat. <A starter with an activity factor of less than 0.30 usually devel- 
oped little or no acid during the cheese-manufacturing process. 

Correlation between activity factor and daily activity of successive transfers 
of a mother culture. Records of activity tests made in two cheese plants on 
mother cultures for a period of more than 4 yr. reveal that the new test fre- 
quently indicates those cultures that are deteriorating. The results with one 
eulture are shown in figure 2, which gives the activity factor of the mother cul- 
ture, the acidity of the mother culture at the time it was transferred, the acidity 
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of the subsequent batch culture and milling acidity when used for cheese manu- 
facture. 

This culture at the beginning of the trial was high in activity and produced 
the desirable milling acid with 0.6 to 0.7 per cent inoculation in the cheese vat. 
It had been used in the plant about 6 wk. before any change was detected. 
It will be noted in figure 2 that the activity of the culture was high (0.56) ; 
then it rapidly decreased and in three transfers had an activity factor of 0.23, 
which is considered an inactive culture. The milling acidity of the cheese also 
decreased each day after the culture started to lose activity. On the last day 
that the culture was used in the cheese vat, the mother culture had an activity 
factor of 0.23 and the vat milled at 0.14 per cent acid. The propagation of the 
culture was continued for 11 days to revive it. On the seventh and eleventh 
days (as shown in figure 2), the inoculation was increased. In both instances 
the activity increased the following day but dropped again the next day. As 
shown by the activity test, the culture did not regain its earlier high activity 
during the 18-day period. The results also indicate that the new activity test is 
more sensitive in predicting inactivity than daily determination of titratable 
acidity of mother and batch cultures. 

The new test has been used to determine the activity of multiple as well as 
single-strain cultures employed in cheddar and cottage cheese. It has proved a 
valuable aid in reducing incidence of slow acid production in the cheddar as well 
as cottage cheese making process. 

SUMMARY 


1. A simple, rapid test for activity of cheddar and cottage cheese cultures is 
described. 

2. The method involves inoculation of 3 per cent of the starter culture to an 
autoclaved reconstituted non-fat dry milk solids medium and titration of acidity 
after 3.5 hr. incubation at 37.8° C. 

3. The results indicate that the new activity test is reasonably accurate and 
consistent and is sufficiently simple to be applied readily to plant conditions. 
It has been employed in a number of cheddar cheese plants for more than 4 yr. 
and has been a valuable aid in reducing incidence of slow acid production. 
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THE USE OF RECONSTITUTED NON-FAT DRY MILK SOLIDS FOR 
PROPAGATING MOTHER AND BATCH STARTER CULTURES’ 


B. E. HORRALL?2 Anp P, R. ELLIKER? 
Purdue Agricultural Experiment Station, West Fafayette, Indiana 


AND 


GEORGE KENSLER 
Kraft Foods Co., Chicago, Illinois 


The importance of high activity in lactic starters since the introduction of 
pasteurization of milk for cheddar cheese generally is acknowledged. It also is 
known that the milk used to grow the mother and batch starters must be of the 
highest quality for consistently high starter activity. Whole milk usually has 
been used most frequently for propagating cheddar cheese starters. In some 
cases the mixed milk as it arrives at the plant has been used. Skim milk and 
whey have been employed less frequently. 

Another recognized fact is that milk from individual herds varies from day 
to day in its ability to support growth of starter bacteria. Such variations affect 
the uniformity of starter activity. It was believed that if mother cultures and 
starters could be carried in milk of the same composition over long periods of 
time, more uniformity in their activity could be obtained. This report repre- 
sents results of more than 4 yr. of study on the use of reconstituted spray dried, 
non-fat milk solids for preparation of mother cultures and starters in commercial 
cheese plants. 

EXPERIMENTAL 


Concentration of solids in reconstituted milk. Preliminary studies showed 
that a 10 per cent concentration of spray, non-fat dry milk solids in distilled 
water yielded as satisfactory cultures as did 12, 15 and 18 per cent concentra- 
tions. 

Activity of mother cultures carried in reconstituted and selected herd milk. 
A comparison was made of the daily activities of a mother culture carried in 10 
per cent high grade, spray, non-fat dry milk solids in distilled water and in se- 
lected whole milk from an individual herd. Two hundred ml. of the reconsti- 
tuted milk and whole milk were placed in respective 500-ml. erlenmeyer flasks, 
autoclaved at 15 lb. pressure for 10 min., cooled to 21.1° C. and inoculated with 
0.7 per cent of an active culture. These milks were incubated at 21.1° C. for 15 
hr. and then cooled in ice water. The activities of these cultures were tested by 
the method described in a preceding paper (1). 

Received for publication May 6, 1949. 
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Results representative of numerous trials are shown in figures 1 and 2. The 
activity of the mother culture propagated in non-fat dry milk solids was rela- 
tively constant from day to day (the lowest activity factor was 0.40 and the 
highest, 0.48) while that of the whole milk varied from 0.34 to 0.51, with a 
slightly lower average activity factor than the reconstituted skim milk. Other 
trials conducted in the same manner but at different seasons also showed that 
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Fie. 1. Activity of mother cultures propagated in reconstituted 10 per cent spray, non- 
fat dry milk solids and in selected whole milk. 
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Fie. 2. Comparison of the activity of batch starters propagated in reconstituted skim 
milk and selected whole milk and the respective milling acidities of cheeses prepared from 
these starters. 
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the whole milk cultures usually had an average activity factor lower than that of 
the reconstituted, non-fat, dry milk solids cultures. In all of these trials the 
acidities of the whole milk cultures at the end of the daily incubation period of 
21.1° C. averaged from 0.1 to 0.2 per cent lower than those of the cultures propa- 
gated in the reconstituted milk. . ; 

Activity of batch starters prepared with reconstituted and selected whole milk. 
A study next was made of activity of batch starters prepared in reconstituted, 
spray, non-fat dry milk and in sel cted whole milk. The whole milk was from 
the same herd as that used in the previous experiment on mother cultures. The 
milks were pasteurized at 87.8° C. for 1 hr. in cans, then cooled to 21.1° C., inocu- 
lated with 0.7 per cent of an active lactic culture and incubated at this tempera- 
ture for 15 hr. The rate of inoculation of the vat milk was 70 lb. of starter to 
10,000 Ib. of milk. The cheese was made by the precision method (2). 

Results in figure 2 indicate that the starters carried in the reconstituted milk 
were more constant in activity than those in the whole milk. The activity factors 
of the starters propagated in the reconstituted milk ranged from 0.415 to 0.49, 
while those of the whole milk varied from 0.25 to 0.54; the respective milling 
acidities varied from 0.41 to 0.50 per cent for the reconstituted milk and from 
0.27 to 0.52 for the whole milk starter. 

Mother cultures, both multiple and single strain, have been carried continu- 
ously in the laboratory in reconstituted non-fat dry milk solids for more than 4 
yr. and both mother cultures and batch starters have been propagated by this 
method in 20 plants during this period with satisfactory results. 

Influence of type of water used in reconstituting milk for mother and batch 
starters. The large quantities of distilled water that were required for preparing 
the batch starter presented a problem. An experience with one plant early in 
the studies emphasized the importance of the type of water used for reconstitut- 
ing the milk solids for starter milk. Following a preliminary failure of cultures 
grown in milk reconstituted with this plant water, a study was carried out on 
the activity of cultures grown in milks reconstituted with the plant water and 
with distilled water. In the trial, milks were pasteurized in four 10-gal. cans, 
(two cans for each reconstituted milk) at 87.8° C. for 1 hr., cooled to 21.1° C. 
and inoculated with 0.75 per cent culture. The cultures in milk made with the 
plant water (which in this case was from the city supply), after 15 hr. incubation, 
had activity factors of 0.23 and 0.27. The controls grown for the same period 
in milk reconstituted with distilled water had activity factors of 0.45 and 0.48. 
Since the activity factor was low on the plant water starter, 105 lb. were added 
in 10,000 Ib. of pasteurized vat milk, whereas, only 75 lb. of the distilled water 
starter were used for the same quantity of milk. The acidity of the wheys 4.5 
hr. after setting the milk were 0.25 per cent for the cheese made with plant water 
culture and 0.49 for that made with the distilled water culture. The batch 
starter prepared with the plant water milk produced acid normally during its 
incubation period at 21.1° C. and except for the activity test would have been 
judged as active for cheese manufacture as that made with distilled water. Fol- 
lowing this experiment, an attempt was made to determine why use of plant 
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water resulted in an inactive starter. The solids content of the water was found 
to be 0.19 per cent, which is considered quite high. No specific toxic factor was 
found but occasional subsequent use for mother cultures always resulted in an 
inactive culture. 

Water from the plant well also was available in this plant and a culture 
activity comparison was made of whole milk and milks reconstituted with dis- 
tilled water, the city water and with plant well water. The activity factor was 
determined by the activity test. Tubes of each milk were inoculated and carried 
with daily transfers in triplicate and the activity tests repeated on 6 successive 
days. The city and well waters were drawn each day to prepare the reconstituted 
milks. The whole milk came from the same patron throughout the trial. 


TABLE 1 


Activity factors of starter cultures in selected whole milk and in milks reconstituted with city 
water and plant well water 


Milk reconstituted Milk reconstituted Milk reconstituted 


w/city water w/plant well water w/distilled water Whole milk 


Controla Inoculated Controle Inoculated Controle Inoculated Controle Inoculated 


0.19 0.22 0.18 0.47 0.18 0.46 0.20. 0.43 
0.19 0.21 0.18 0.44 0.18 0.45 0.21 0.44 
0.19 0.22 0.19 0.48 0.18 0.47 0.20 0.40 
0.19 0.24 0.18 0.48 0.185 0.49 0.22 0.41 
0.18 0.21 0.18 0.46 0.18 0.47 0.21 0.39 
0.18 0.21 0.18 0.47 0.18 0.47 0.20 0.35 


a Control represents uninoculated, incubated milk. 


The results shown in table 1 indicate that the plant well water was satisfac- 
tory for preparation of the reconstituted milk but the city water again resulted 
in a milk that failed to produce an active culture. The whole milk yielded active 
cultures for the most part, but the cultures were less uniform in activity in the 
whole milk than the milks reconstituted with distilled and plant well waters. 
The trial differentiated sharply between the milk prepared with city water and 
the other milks. It emphasized the need for preliminary trials in the form of 
culture activity tests on milks reconstituted from various waters before they 
ean be employed for preparing reconstituted starter milks. In another plant 
both the city and plant well water failed to produce active cultures when used 
to reconstitute the milk powder. Waters from several farm wells in the same 
vicinity were tested and found to produce less active cultures than when dis- 
tilled water was used for reconstituting the starter milks. The water from one 
farm well about 0.5 mi. from the plant provided an active starter culture. 

Method of testing suitability of milk powders for preparation of starter milks. 
Experience with various lots of powder has emphasized the importance of high 
grade, non-fat dry milk solids in preparing the starter milk and has shown that 
each barrel of powder must be tested to insure that the powder will produce a 
culture with high activity. The following method has been devised for testing 
the suitability of non-fat, dry milk solids for this purpose: (a) Weigh 10-g. 
portions of the unknown powder to be tested and of a powder whose ability to 
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support growth is known. Place the portions of unknown and known powder in 
respective flasks. (b) Measure 90 ml. of distilled water and add to each powder. 
Mix until free from lumps. (c) Measure exactly 10-ml. portions of the above 
milks into serew-cap test tubes. Prepare five tubes of the unknown and five of 
the known reconstituted milks. (d) Sterilize at 15 lb. pressure for 10 min. (e) 
Cool to 37.8° C. (Tubes not to be used immediately should be refrigerated.). 
(f) Inoculate one tube each of the unknown and known reconstituted milks with 
0.3 ml. of an active culture. (g) Incubate in water bath at 37.8° C. for 3.5 hr. 
together with an uninoculated control tube of each milk. (h) At the end of the 
incubation period cool and determine titratable acidity on the entire contents of 
the tube plus 5 ml. of distilled water used to rinse the tube. Record as activity 
factor. (i) On the same day, inoculate one tube of the unknown milk with 0.1 
ml. of the same active culture for the first serial transfer and incubate at 21.1° C. 
for 15 hr. Repeat for 2 successive days (three serial transfers). (j) Make 
activity test on each transfer at the end of incubation period. 

In table 2 it will be noted that barrels 2, 18 and 34 showed higher activity 
factors than the known powder and the activity of the cultures did not decrease 
whea they were serially transferred for 3 successive days in milk prepared from 
those barrels. Barrels 42 and 43 showed lower activity factors than the known 
powder. The last two barrels listed were not used for preparation of starter 
milk in the plant because of their low activity. It has been found that a starter 
of low activity will result if such powders are used for the propagation of 
starters. 

Method adopted for preparation of batch starter with spray, non-fat, dry milk 
solids. The method developed for making the batch starter with non-fat dry 
solids was as follows: (a) Test both water and milk solids to be used in prepara- 
tion of starter milk to determine their suitability for this purpose, using the 
methods outlined above. (b) For batch starter preparation measure the water 
into the starter can with a measuring stick or other suitable device. (¢c) Heat 
water to 26.7° C. and regulate steam so that the temperature does not rise higher 
than 29.4° C. (d) A detachable two bladed paddle was attached to the paddle 
shaft just slightly above the water line to facilitate the dissolving of the powder. 
The paddles were made so that they would sweep the water downward. (e) Add 
enough high grade, spray, non-fat, dry milk solids to provide a 10 per cent con- 
centration. About 15 min. usually were required to dissolve the powder. (f) 
Remove the upper paddles, pasteurize the contents at 87.8° C. for 1 hr., and cool 
to 21.1° C. (g) Inoculate the reconstituted milk with an active starter culture. 
Slightly more culture (usually 4 to 6 oz. per 80 lb. of milk) was required than 
when whole milk was used. The rate of inoculation should be governed so that 
the acidity does not reach more than 0.95 per cent at the end of the incubation 
period of 15 hr. The temperature of incubation is a very important factor. It 
should be 21.1 to 22.2° C. for the entire period. (h) After incubation, cool to 
at least 7.2° C., if the starter is not to be used immediately. (i) Regulate rate 
of inoculation of the starter in the cheese milk according to the activity of the 
starter. With an active starter 50 to 60 lb. to 10,000 Ib. of milk is sufficient to 
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provide a milling acidity of 0.5 to 0.6 per cent in 4.5 hr. from setting to milling. 
(It must be kept in mind that high cooking temperatures, poor quality milk, 
toxic substances and bacteriophage will hinder the acid development in the 
cheese regardless of the activity of the batch starter.) 


SUMMARY 


(a) Milk reconstituted from spray, non-fat, dry milk solids produced cultures 
and starters more constant in activity from day to day than did selected whole 
milk. 

(b) Certain water supplies were found to be unsuitable for reconstituting 
milk for starter. Studies have shown that the water, if other than distilled, 
should be tested to determine whether or not it provides a reconstituted milk 
suitable for starter cultures. 

(ce) Spray, non-fat, dry milk solids varied in ability to provide a satisfactory 
culture medium for S. lactis starter cultures. Results showed that individual 
barrels of milk powder should be tested to determine their suitability for starter 
milk. 
(d) Methods are outlined for testing suitability of water and non-fat dry 
milk solids for preparation of starter milk. A method also is given for prepara- 
tion of reconstituted spray, non-fat, dry milk solids for batch starter. 
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THE RELATIONSHIPS AMONG CRACKED SOYBEANS FED, 
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The results of a previous study (6) indicated a close relationship between ex- 
ternal temperature changes and variations in the iodine value of the milk fat 
produced. That such a relationship may exist has been suggested by Dean and 
Hilditch (5) and Hilditch and Sleightholme (7). Likewise, Regan and Rich- 
ardson (9) observed that when the room temperature was elevated above 80 or 
85° F., an alteration occurred in the characteristics of the milk produced, which 
included, among other things, an increase in the unsaturated compounds of the 
milk fat (when the temperature was above 90° F.). 

This study was conducted to secure additional information about the rela- 
tionships of feeding cracked soybeans, barn temperature and the degree of un- 
saturation of milk fat. 

EXPERIMENTAL PROCEDURE 


Plan of experiment. Twelve Holsteins and four Ayrshires were selected dur- 
ing a preliminary period (4 wk.) and divided into four similar lots. The plac- 
ing of the cows into four equal groups and the allotment of the mixtures fed to 
each group were accomplished by random selection. Alfalfa hay was fed ad 
libitum and grain was fed at the rate of 1 lb. for each 3 lb. of milk produced. 
The animals were milked thrice daily. 

Three experimental periods of 39, 74 and 56 days were employed. During 
the first experimental period groups 1 and 2 were fed rations (table 1) contain- 


TABLE 1 
Concentrate mixtures used 
Ingredients Mixture A Mixture B 

(1b.) (1b.) 
Cracked corn 400 400 
Oats : 200 200 
Wheat bran 300 300 
Linseed meal 125 
Bonemeal 18 18 


Salt : 9 9 


Received for publication July 12, 1949. 
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ing linseed meal (mix A) and cracked soybeans (mix B), respectively. Then 
the grain mixtures were reversed and fed for a period of 74 days. During the 
last experimental period the animals were fed the same rations that they re- 
ceived during the first period. 

Variations of the iodine values with chronological time during a previous 
study (6) indicated the advisability of carrying a control group of cows for each 
of the feeds being studied. In this study, groups 3 and 4 were designated as the 
control groups and were fed mixtures A and B, respectively, for the duration of 
the experiment without a change in feed. 

Cream and butter oil samples. The cream and butter oil for chemical anal- 
yses were obtained and handled as described previously (6). The iodine value 
of the milk fat was determined according to the Hanus method (2). The thio- 
cyanogen value of the fat was determined according to the method described by 
Jacobs (8), with the exception that the thiocyanogen solution was prepared by 
the method described by Arup (1). Acid numbers of the butter oil and pH de- 
terminations of the cream and butter serum provided a measure of possible 
changes in the quality of the cream and the fat. Acid numbers were deter- 
mined by the method of Breazeale and Bird (3). 

The high correlation found between mean external temperature and the 
iodine value of milk fat during a previous study (6) prompted the keeping of a 
daily record of the temperature changes in the barn in which the cows were 
housed during the entire experiment. 

Methods of obtaining cream samples for chemical analysis. Data were ob- 
tained to determine whether a composite cream sample of 1 day’s milking or a 
sample from one milking during the day should be taken for chemical analysis. 
Comparisons of the iodine and thiocyanogen values of the milk fat from each 
milking with those of the milk fat from composite sample for the same day are 
presented in table 2. These data indicate considerable variation among the 
iodine and thiocyanogen values of the fat from milking to milking. There is as 
much variation between milkings as exists from day to day (as determined by 
analysis of the composite samples). Temperature fluctuations may be one of 
the factors responsible for these variations. 

The iodine and thiocyanogen values of the milk fat from the evening milk 
are in most cases higher than those for the morning and noon milkings. The 
iodine equivalent to the oleic acid content of the milk fat [iodine value—(iodine 
value—thiocyanogen value) x2] does not vary in this fashion as consistently 
as does the iodine value. 

Table 3 includes the pH determinations made on the cream and butter serum 
and the acid numbers of the butter oil from each milking and from a composite 
sample for the same day. Although there is considerable variation among the 
acid values of the milk fat from milking to milking, differences among the pH 
values of the cream and butter serum from milking to milking are virtually 
within the experimental error of the method, except for the data on January 23. 
Nevertheless, the variation encountered in the iodine, thiocyanogen and acid 
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values of the milk fat from milking to milking indicate that daily composite cream 
samples should be taken. 

As a check on the deterioration of the cream from the time it was separated 
until churned, pH determinations on the cream and butter serum were made 
periodically. These data (not shown) indicate that in-so-far as pH values and 
titratable acidities are criteria, there was no change in the cream or butter during 
the interval between churning and (later) rendering to furnish fat for the iodine 
and thiocyanogen values. 

Chemical constants of milk fat—effect of temperature. The iodine and thio- 
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Fig. 1. Variation in iodine value and barn temperature with chronological time. 
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cyanogen values were employed as indices of the effect of feeds on changing 
milk fat composition. Previous work (6) indicated that temperature changes 
may play an important role in the variations of the iodine value of milk fat. A 
closer relationship existed between the iodine value of milk fat and the mean ex- 
ternal temperature recorded 1 day before the samples were taken than that re- 
corded on the same day or 2 days before. This relationship also was evident in 
this study. 

Highly significant correlations were found between the iodine values of the 
milk fat and the mean barn temperatures (table 4) that were recorded the same 
day, 1 day before, and 2 days before the samples were taken. As the tempera- 
ture increased, the iodine values tended to increase and vice versa (fig. 1). 
However, a closer correlation existed between the temperature recorded 1 day 
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before the samples were taken and the iodine value than that recorded on the 
same day or 2 days before. A closer correlation also existed between the tem- 
perature recorded the same day and the iodine value than that recorded 2 days 
before the samples were taken. The trends of the thiocyanogen values and their 
relationship to temperature changes (fig. 2) were similar in most respects to 
those of the iodine values. Generally, what was said about iodine values and 
the factors that influence them also may apply to the thiocyanogen values. 
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to oleic acid) and temperature with chronological time. (See fig. 1 for legends.) 


The trends of the iodine, thiocyanogen and oleic acid (expressed as grams 
iodine per 100 g. milk fat equivalent to oleic acid) curves (fig. 1, 2, 3) are almost 
identical for each group. This is particularly true of the thiocyanogen curves 
of groups 3 and 4 (controls) (fig. 2). Since iodine and thiocyanogen are con- 
sidered to add quantitatively to the single ethylenic linkage of oleic acid and 
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since there is more oleic acid than any of the other unsaturated fatty acids in 
milk fat, one would expect variations in the oleic acid content of milk fat to 
result in similar variations of the iodine and the thiocyanogen values. A sig- 
nificant correlation coefficient was found between the temperature recorded 1 day 
before the samples were taken and the oleic acid content of the milk fat (table 4). 


TABLE 4 


Correlation coefficients between mean barn temperature recorded at various intervals and cer- 
tain milk fat constants 


Correlation coefficient 


Temperatures Outcome Iodine Thiocyanogen Oleic Linoleic 
group value value acid acide 
0.3526* 0.4488** 0.2942 —0.1101 
1 d. before ... bs 1 0.5103** 0.5593* 0.4022* 0.0119 
2 d. before ................ 1 0.3046 0.3653* 0.3058 —0.0468 
ee 2 0.6076** 0.5199** 0.3879* 0.1430 
2 0.7628** 0.6261** 0.5725** 0.0436 
2 2 0.5522** 0.4945** 0.4709** 0.0580 
3 0.4573** 0.5408** 0.5290** —0.3912* 
3 0.5358** 0.6139** 0.6006** —0.4030* 
2d. betere 3 0.2756 0.3220 0.3307 —0.2410 
Same + 0.5306** 0.8939** 0.4391* —0.0357 
1d. before .. 4 0.6843** 0.7128** 0.6858** -0.2543 
0.4571** 0.4858** 0.5027* —0.2656 


a Temperature recorded at various intervals with relationship to the time the cream samples 
were taken. 

b Grams iodine calculated as equivalent to oleic acid in 100 g. milk fat. 

¢ Grams iodine calculated as equivalent to linoleic acid in 100 g. milk fat. 

* Significant at 5% level. 

** Significant at 1% level. 


' These data indicate that the changes in iodine value were largely dependent 
on the changes in the oleic acid content of the milk fat. 

The high correlation between temperature changes and changes in the chem- 
ical composition of milk fat support the statement made previously in this paper 
that temperature fluctuations may be one of the factors responsible for daily 
variations of fat constants, even though the cows were fed the same feed. 

Effect of feed. Results obtained in a previous study (6) indicated that the 
maximum effect of feed on the changes in milk fat composition, as measured by 
the iodine value, may be reached in approximately 15 days after a change in feed. 
However, the data obtained in this experiment (fig. 1) indicate that the time neces- 
sary for the feeds to produce their maximum effect on milk fat composition is not 
elear, except after the first change of feeds. 

Following the change of rations on December 15, the differences between the 
iodine value curves of groups 3 and 4 (controls) became greater than did those 
between the curves of groups 1 and 2 (rations alternated). These differences 
decreased in magnitude and seemed to stabilize themselves fairly well in approxi- 
mately 20 days. Concurrent with this stabilization period was a sharp drop in 
temperature and likewise a downward trend of the iodine value curves of all 
groups. In support of these findings, Dean and Hilditch (5) observed that 
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changes in iodine values were completed within 2 or 3 wk. after cows had gone 
on pasture in the spring. During the period December 15 to January 23, tem- 
perature and iodine value fluctuations were erratic. After this it was not pos- 
sible to determine when the full effect of the feeds on milk fat composition had 
been reached. 

The differences between the curves of groups 3 and 4 were smaller and more 
consistent throughout the experiment than were those between the curves of 
groups 1 and 2. This might be interpreted as indicating that the cows in 
groups 3 and 4 adjusted to the feeds so that the magnitude of the iodine values 
was about the same regardless of the feed. The recurrent crossing and the in- 
consistent differences of the curves of groups 1 and 2 as compared with those 
of groups 3 and 4 might indicate that the fat metabolism of the cows was being 
disturbed by the changes in feed. 

Iodine value and hardness of butterfat. Coulter and Hill (4) found that 
the hardness of butter made under uniform conditions is closely dependent upon 
the hardness of butterfat. They also obtained a highly significant correlation 
between the hardness of butterfat and the iodine number. 

In this study the iodine values of the milk fat from the animals (group 3) fed 
the linseed meal ration generally were higher than were those (group 4) fed the 
soybean ration. Moreover, an analysis of variance revealed that the differences, 
which were one unit or less in most cases, were significant (F =—4.19). How- 
ever, it is doubtful whether a difference of one unit in iodine value would 
greatly affect the commercial processing of butter unless the iodine value is 
approximately 33 units (10). There was no significant difference between the 
iodine value of the milk fat from groups 1 and 2. Averages (35.1 and 35.3 for 
groups 1 and 2, respectively) for the entire experiment indicate that the differ- 
ences between the iodine values were balanced during the experiment. How- 
ever, the authors wish to point out that the differences at certain periods prob- 
ably were great enough to produce varying effects on the quality of butter. 
For example, the differences in the iodine values of groups 1 and 2 from April 7 
to 15, and from April 25 to June 1 (fig. 1) indicate that one could expect a dif- 
ference in the body of butter produced by cows fed cracked soybeans or linseed 
meal at the same rates as were fed in this experiment. Although the iodine 
values of milk fats from cows fed either of these two feeds may be practically 
the same (especially over a long feeding period) at certain times, they also may 
be quite different at various temperature levels or at different stages of lactation 
or gestation. The feeding program used for the cows of groups 1 and 2 would 
not normally be followed by a dairy farmer, whereas that used for groups 3 
and 4 would be more generally practiced. 


SUMMARY 


By randomization four similar lots of four cows each were subdivided into 
four outcome groups and fed similar rations, except for the protein supplements 
(linseed meal and cracked soybeans). Two groups of cows were fed rations by 
the double reversal method, while a control group was fed each of the experi- 
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mental rations continuously throughout the experiment. Iodine, thiocyanogen 
and acid values of the milk fat and the pH of the cream and butter serum were 
determined. Barn temperatures were recorded daily. 

In studying changes in fat composition, it seems advisable to utilize fat 
samples representative of one full day’s milk yield, rather than samples obtained 
from individual milkings. 

Highly significant correlations existed between the mean barn temperature 
(recorded the same day, 1 day before, and 2 days before the cream samples were 
taken) and the iodine and thiocyanogen values of the milk fat. The tempera- 
ture recorded 1 day before the samples were taken had a closer correlation to 
changes in fat composition than that recorded the same day or 2 days before 
they were taken. The authors wish to point out that the correlation between 
the iodine and thiocyanogen values of the milk fat and temperature existed 
with cows which were from 1 to 2.5 mo. along in lactation when the experiment 
started (late November). It might be that had the animals freshened during 
November, February or April a different picture would have resulted (relative 
to apparent temperature effects) because of the lactation cycle. 

The maximum effect of changing feeds on milk fat composition, as measured 
by the iodine and thiocyanogen values, appeared to have been reached in ap- 
proximately 20 days after the first change of feeds. Apparently such factors 
as temperature changes and progress of the lactation and gestation periods in- 
terfered with fat metabolism so that it was impossible to determine when the 
full effect of the feeds had been reached following succeeding changes. Unless 
certain uncontrolled factors complicate the picture it appears from this study 
and a previous one (6) that 15 to 20 days may be required for a feed to exert 
its full effect on milk fat composition. This is in agreement with the work of 
Dean and Hilditch (5). . 

When the cows were fed either linseed meal or cracked soybeans as 11.1 per 
cent of the concentrate mixture over a long feeding period, they appeared to 
adjust themselves to the rations so that the iodine values of their milk fat were 
of about the same magnitude and their differences fairly consistent. On the 
other hand, when these feeds were fed for short feeding periods and then 
changed, the fat metabolism of the cows seemed to be disturbed so that the differ- 
ences between the iodine values of the milk fat were rather inconsistent. 

The changes in iodine values were largely dependent on the changes in the 
oleic acid content of the milk fat. 

Non-significant differences were found between the iodine values of the 
milk fat from cows alternated from the linseed meal ration to the soybean ration 
and vice versa. However, the differences at certain periods were probably great 
enough to produce different effects on the quality of butter. A significant dif- 
ference was found between the iodine values of the milk fats from cows fed 
linseed meal and cracked soybeans continuously at the rate of 11.1 per cent of 
the concentrate mixture. The iodine values of the milk fat from cows fed the 
linseed meal ration generally were higher throughout the experiment than were 
those of the milk fat from cows fed the cracked soybean ration. Although the 
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iodine values of the milk fat from cows fed either of these two concentrates may 
be practically the same (especially over a long feeding period) at certain times, 
they also may be quite different at various temperature levels or at different 
stages of lactation or gestation. 
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THE RELATION BETWEEN THE DEGREE OF SOLIDIFICATION OF 
FAT IN CREAM AND ITS CHURNING TIME. II. THE PHYSICAL 
DISTRIBUTION OF THE LIQUID-SOLID PHASES 
WITHIN THE GLOBULE 


J. ROBERT BRUNNER 
Michigan Agricultural Experiment Station1 


AND 


E. L. JACK 
Division of Dairy Industry, University of California 


The influence of variations in churning temperature of cream upon its churn- 
ing time is common knowledge. As the temperature of cream is lowered, within 
the churning limits, the churning time is increased. It is believed that some of 
the variations in churning result from changes in the degree of solidification of 
the fat. This supposition is well supported by observation. Undoubtedly, lower- 
ing the temperature of the cream results in greater crystallization of the fat. 
The fact that satisfactory churning occurs when the temperature of the cream 
is within rather restricted limits suggests that, at churning temperatures, the 
degree of solidification in the fat is quite specific. 

The studies of van Dam and Burgers (4), van Dam (3), Rishoi and Sharp 
(9), Jack (6), Coulter and Combs (2) and others offer evidence that milk fat 
exists in a state of partial solidification, both in the cream at the churning tem- 
perature and in the churned butter. The extent of fat solidification is somewhat 
controllable by process temperature manipulation. Haglund et al. (5), Richard- 
son and Abbott (8), Coulter and Combs (2), Wilster et al. (11) and others have 
emphasized that such measures often are necessary to produce a butter with de- 
sirable body and texture when made from milk fats that are abnormally hard 
or soft. 

The purpose of this study was to correlate the degree of solidification in the 
fat with the churning time of the cream and to determine to what extent process- 
ing procedures affect the solidification of fat in cream prepared for churning. 


EXPERIMENTAL METHODS 


To determine the extent that processing procedures affect the degree of solidi- 
fication in globular fat, the following experimental procedure was followed: One 
hundred pounds of freshly-separated cream testing 33 per cent fat was pasteur- 
ized at 66° C. for 30 min. One-third of this cream, designated as lot A, was 
cooled and held at 0° C. for 18 hr. prior to churning. A second portion of the 
cream, lot B, was cooled and held at 10° C. for 18 hr. The remaining portion 
of the cream, lot C, was held at 60° C. while 5-lb. quantities were removed, cooled 
in ice-water to the churning temperature and immediately churned in a tempera- 


Received for publication Nov. 10, 1949. 
1 Journal Article no. 1092 (n.s.), Michigan Agriculture Experiment Station. 


267 


i 
| 


268 J. ROBERT BRUNNER AND E. L. JACK 


ture-controlled, motor-driven Daisy churn of an agitator type. Likewise, after 
cream lots A and B had been held for the designated 18-hr. holding period, 5-lb. 
portions were removed, adjusted to the churning temperature and immediately 
churned. A calorimetric technique, suitable for measuring the percentage of 
solid fat in cream at the churning temperature, as used previously by Jack and 
Brunner (7), was employed to determine the degree of solidification. Churning 
temperatures were selected to cover the churning range. 


RESULTS 


When churning times of cream are plotted as ordinates against percentage 
of solidified fat therein (degree of solidification) as abscissa, curves are obtained 
which, in the desirable churning range of 35 to 55 min., are logarithmic (figure 1). 
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Fig. 1. The relation between the degree of solidification of milkfat at the churning tem- 
perature and the churning time of the cream (33.0% fat). Curve A—Cream held at 0° C. for 
18 hr. and warmed to the churning temperature. Curve B—Cream held at 10° C. for 18 hr. and 
warmed to the churning temperature. Curve C—Cream pasteurized at 66° C. and cooled to 
the churning temperature. 


Below these time limits, churnings are incomplete and accompanied by excessive 
fat losses in the buttermilk, while those above proceed with difficulty, if at all. 
Within the desirable churning range, creams from lot C contained between 20 
and 31 per cent solidified fat, while creams from lots A and B contained between 
48 and 68 per cent of the fat in the solid state. Cream from lot A contained 
slightly more crystallized fat than cream from lot B, which would be expected, 
since more fat should be solidified at 0° C. than at 10° C. The more fat that is 
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in a solid state, the greater is the time required for churning; however, within 
the three lots studied, the churning time depends more upon the cooling procedure 
used than on the percentage of solidified fat. For example, as shown in figure 1, 
cream from lot A, held at 0° C. for 18 hr. prior to churning, and lot C, churned 
immediately after cooling, containing approximately 40 per cent solidified fat 
churned in 30 and nearly 100 min., respectively. 

The fact that a wide variation exists between the percentage of solid fat in 
churnings from lots A and B and lot C indicates that the degree of solidification 
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Fig. 2. Apparent specific heat values over the temperature range studied of fat in cream 
held at 0° C. for 18 hr. and warmed to the churning temperature. Curve a—Control, cream 
held at 0° C. for 18 hr. Curve b—Cream churned at 11.10° C. Curve e—Cream churned at 
13.90° C. 


occurring at the time of churning is not nearly as significant in the time required 
for churning as is the probable position of the solidified fat in the globule. Some 
insight as to the general location of this solidified globular fat might be obtained 
(a) by applying the principle of the second law of thermodynamics which states, 
essentially, that heat is conducted from an area of high heat level to an area of 
low heat level until a state of temperature equilibrium is reached and (b) from 
an inspection of the apparent specific heat curves of the fats involved, which, to- 
gether with the work of van Dam (3) and Rishoi and Sharp (10), show that fat 
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exhibits a considerable time lag in attaining thermal equilibrium throughout the 
fat globule. 

The globular fat in cream as prepared from lot A presumably is in a state of 
nearly complete solidification. When portions of this cream are warmed to the 
churning temperature, heat is transmitted to the continuous serum phase from 
which it is transferred to the fat phase. Due to the poor thermal conducting 
properties of fat, the heat transfer process proceeds inward through the fat at a 
relatively slow rate. This lag in attaining equilibrium probably results in the 
creation of a layer of partially liquid or softened fat on the outer surfaces of the 
fat globule. To support this assumption it is necessary to demonstrate that the 
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Fig. 3. Apparent specific heat values over the temperature range studied of fat in cream 
pasteurized at 66° C. and immediately cooled to the churning temperature. Curve a—Control, 
cream held at 0° C. for 18 hr. Curve b—Cream churned at 10.60° C. Curve e—Cream churned 
at 19.10° C. 


remaining portion of solidified fat, supposedly located in the interior of the fat 
globule, has not been liquified in the warming process. 

In figure 2, the apparent specific heat curves of fat from churnings b and ec, 
cream processed as in lot A, are compared with a similar curve of fat in a state of 
nearly complete solidification (curve a). The partial curves b and c coincide 
fairly well, in the range covered, with that of the control, curve a. Since ap- 
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parent specific heat measurements are made by determining the amount of heat 

necessary to change the temperature of the material, this indicates that the fat 

being liquefied from the churning temperature upward to a state of complete 
it liquefaction is fat in the original state of equilibrium. Therefore, the heat ap- 
plied to the cream system in raising the temperature from 0° C. to the churning 
temperature probably was manifested in melting or softening outer layers of the 
globular fat, rather than being distributed evenly throughout the globule, since 
the residual solid fat is still in the state of equilibrium existing at 0° C. 

Similar reasoning can be applied to creams prepared for churning as in lot C. 
When cooling cream from 60° C. to the churning temperature, heat is transferred 
from the serum to the cooling medium, then by a somewhat slower process from 
the fat globules to the serum. By this process, there probably is formed a layer 
of solid or liquid-solid fat surrounding the fat giobules, leaving a large portion 
of the interior fat in a liquid state. In figure 3, the apparent specific heat curve 
a, like curve a in figure 2, is representative of globular fat in a state of nearly 
complete solidification, while curves b and c represent churning samples. At the 
time churning was started, immediately after the cream was cooled, and at the 
beginning of apparent specific heat determinations, very little of the fat had been 
solidified. However, after a period of 20 to 30 min. in the calorimeter, some 
crystallization of the fat occurred, as indicated by the maxima in curves b and c. 
{ As assumed in the preceding case, this change in physical state occurred princi- e 
pally in the fat globule surface layers. 7 

The conjecture is made that the physical state of the globular fat on the sur- 
face layers is somewhat similar in creams that churn within desirable churning 
limits, regardless of the procedure used in preparing the creams for churning. 
The fat on the surface of the globule is neither totally liquid nor totally solid but 
in a soft semi-solid, sticky condition conducive to fat globule agglomeration. The 
fact that more solidified fat is formed in one method of processing than in another 
has little influence upon the churning time, but is manifested more significantly 
in the completeness of churning, as well as in the body and texture of the final 
butter. 

Richardson and Abbott (8) have indicated that cream cooled to churning 
temperature immediately after pasteurization should be churned at a lower tem- 
perature than cream that has been warmed to churning temperature. The data 
given in figure 4 show that cream samples prepared by cooling from the pasteuri- 
zation temperature (lot C) required somewhat higher temperatures to effect 
satisfactory churnings in the same period of time than did creams warmed to 
the churning temperature (lots A and B). By cooling the cream with ice-water, 
it is possible that a layer of solidified fat was formed on the fat globule surface 
which interfered with fat coalescence beyond the effect of agitation, resulting in 
retarded churnings. This supposition is in harmony with the reasoning advanced 
in this report. 

In attempting to analyze the results obtained from a churning study of this 
nature the possibility of alteration in crystalline form should not be neglected 
as a means of explaining some of the variations in the churning behavior of 
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eream. Clarkson and Malkin (1), employing X-ray diffraction technique and 
melting curves, were able to demonstrate in pure triglycerides three distinct poly- 
morphic crystal formations depending upon the rate of solidification. Slow cool- 
ing results in the formation of the most stable form designated by them as beta 
and having the highest melting point. More rapid cooling results in the produc- 
tion of an intermediate alpha form, while extremely rapid chilling will produce 
the unstable gamma or ‘‘glass’’ form. Upon aging or the application of heat, 
the unstable monotropic gamma and alpha forms will transform irreversibly into 
the more stable beta form. 
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Fie. 4. The relation between the churning time of cream and the churning temperature. 
Curve A—Cream held at 0° C. for 18 hr. and warmed to the churning temperature. Curve B— 
Cream held at 10° C. for 18 hr. and warmed to the churning temperature. Curve C—Cream 
pasteurized at 66° C. and cooled to the churning temperature. ‘ 


X-ray diffraction technique and melting curve studies, representing the best 
methods available for observing polymorphic transitions in triglycerides, when 
used to study the pure and simple triglycerides give only qualitative data ; indeed, 
the difficulties encountered in trying to observe polymorphic transitions in a 
naturally occurring, mixed glyceride such as milk fat in the globular state would 
present a technical problem of some magnitude. Hence, certain facts obtainable 
from a study of the more simple glycerides are used to help explain phenomena 
occurring in the more complex natural fats. 

The temperature history of cream samples churned from lots A and B indicate 
that for all practical purposes the fat is in a state of stable equilibrium (Malkin’s 
beta erystals) at the end of the 18-hr. tempering period (Rishoi and Sharp, 10). 
Upon warming the cream, the added heat is expended in melting a portion of the 
solidified fat and raising the over-all temperature to the desired churning tem- 
perature. The possibility of reverse polymorphic transition is precluded, since 
the gamma alpha beta transitions are monotropic. On the other hand, when 
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cream samples from lot C are prepared for churning by relatively quick cooling 

from 60° C., the opportunity exists for the formation of the intermediate alpha 

and possibly the unstable ‘‘glass’’ types of crystallization. It is the authors’ 
i postulation, however, that if these polymorphic forms are crystallized their exist- 
ence at the churning temperature would be relatively short-lived, since the transi- 
tion of the unstable forms to the stable beta form is the normal transition pattern. 
Therefore, it is felt that the churning data obtained in this study are influenced 
primarily by the occurrence and distribution of solid and liquid fat in the globule 
as deduced from the specific heat curves shown herein. However, the possible 
role played by different polymorphic forms of crystalline milk fat should not be 
disregarded entirely, even though the data presented are not designed to demon- 
strate polymorphic transitions. 


SUMMARY 


A calorimetric technique was used to determine the percentage of crystallized 
milk fat (degree of solidification) present in creams prepared for churning by 
the following methods: 

Lot A. Cream was cooled and held at 0° C. for 18 hr. prior to churning at 
selected temperatures. 

Lot B. Cream was cooled and held at 10° C. for 18 hr. prior to churning at 
selected temperatures. 

Lot C. Cream was cooled in ice-water from 60° C. to the desired tempera- 
ture and immediately churned. 

The degree of solidification in creams from lots A and B, churning within 
35 to 55 min., ranged between 48 and 68 per cent solidified fat. Cream portions 
from lot C that churned within the same time range contained between 20 and 31 
per cent solidified fat. 

Within any one lot of cream, the more solidified fat that is present at the 
churning temperature, the longer is the time required for churning. 

The experimental results indicate that the churning time is not entirely de- 
pendent upon the actual degree of solidification in the fat, but, to a greater extent, 
upon the distribution of the liquid and solid fat phases on the globular fat sur- 
faces. 

Polymorphic transition of the crystallized fat has been considered as a possible 
explanation for the churning results obtained. 
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ELECTROPHORESIS OF MILK PROTEINS. I. SOME COMPARISONS 
OF SALT-ACID AND SALT-LYOPHILIZED WHEY FRACTIONS*? 


WILLIAM G. STANLEY, A. C. ANDREWS anv C. H. WHITNAH 
Department of Chemistry, Kansas State College, Manhattan 


There are several known methods used for the isolation of whey proteins from 
milk. Harland and Ashworth (3) have outlined a salt-acid method which is 
perhaps one of the simplest and easiest. Their procedure involves the precipita- 
tion of casein by saturation of skim milk with NaCl followed by precipitation 
of the whey proteins upon addition of HCl to the resulting filtrate. Harland 
and Ashworth claimed that whey proteins prepared by this method were ‘‘rela- 
tively undenatured.’’ However, it is possible that addition of HCl to the non- 
easein filtrate might change the characteristics of the original whey proteins. 
Such changes in these protein fractions have been suggested by Whitnah e¢ al. 
(13) in their studies of the surface tension of milk. Differences between the 
electrophoretic patterns for Harland and Ashworth whey proteins and for those 
obtained from whey proteins isolated by other methods should show possible 
changes in the whey proteins due to the effect of the precipitating reagents. 
The usual procedure employed in the preparation of whey proteins for electro- 
phoretie studies involves the precipitation of casein from skim milk by acid 
(Smith, 10) or rennet (Deutsch, 2), followed by the concentration of the casein- 
free proteins by lyophilization.2 

Harland and Ashworth proteins and whey proteins prepared by a modified 
Harland and Ashworth procedure were used in the present study. In the latter 
method the whey proteins were concentrated by lyophilization of the non-casein 
filtrate, rather than by acid precipitation. Any differences between these two 
‘patterns should indicate an effect of acid precipitation on the whey proteins. 
Comparison of the electrophoretic components of each of these preparations with 
corresponding components in the preparations of Smith and Deutsch might in- 
dicate possible effects due to the salting out of the casein. 

Harland and Ashworth concluded that their ‘‘non-protein filtrate’? was com- 
pletely free from whey proteins and that the remaining nitrogenous substances 
were not protein in character. In the salt-lyophilized method of the present 
study this filtrate was still present in the sample. Electrophoresis should prove 
the presence or absence of any whey proteins not precipitated or of any non- 
dialyzable, non-protein nitrogenous substances in this non-protein filtrate. 


Received for publication Nov. 12, 1949. 

1 Contribution no. 399. Department of Chemistry, Kansas Agricultural Experiment Sta- 
tion, Manhattan. 

2 This paper contains part of the material presented by William G. Stanley in a thesis 
for the Master of Science Degree at Kansas State College. 1950. 

3In this paper the word ‘‘lyophilize’’ indicates the removal by sublimation in a vacuum 
of some water from a frozen solution. 
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PROCEDURE 


Pooled whole raw milk for this work was obtained from the Kansas State 
College dairy. The cream was separated from the skim milk with a Sharples 
super centrifuge. The skim milk was saturated with NaCl at 40° C. and allowed 
to stand overnight at this temperature. The casein was filtered off and discarded. 
The non-casein filtrate was divided into two parts, A and B (fig. 1). Part A was 


Skim milk satd. 
with NaCl 
N tei filtrate Casein 
on- protein filtr 
divided into discarded 
A B 
A B 
Add HCI Dialyze until 
to pH 2.0 free of Ci and 
lyophilize 
Whey proteins Non- protein 
filtrate 
Take up ina Dialyze until free 
minimum of of Cl and lyophilize 
HO and to one-fifteenth of 
dialyze original volume 
A A2 B 


Fic. 1. Flow sheet for preparation of fractions of milk proteins. 


adjusted to pH 2.0 by addition of 10 per cent HCl with rapid stirring and allowed 
to stand overnight at room temperature. This standing both at 40° C. and at 
room temperature was a definite part of the Harland and Ashworth procedure. 
The precipitated whey proteins were collected on a filter paper and transferred 
to a cellophane dialysis sack with a minimum of distilled water. Whey proteins 
prepared by this method were similar to the Harland and Ashworth proteins and 
designated as A, in figure 1. The non-protein filtrate from A was dialyzed 
against distilled water at 4° C. until free of chloride ion. The non-protein filtrate 
was then lyophilized to one-fifteenth of its original volume and designated as Ap. 
Part B was dialyzed against water at 4° C. until free of chloride ion and then 
lyophilized. This fraction was designated as B. 

Fractions A, and B were diluted with a veronal-citrate buffer of 0.088 ionic 
strength and pH 7.6 until the protein concentration was approximately 0.85 per 
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cent and dialyzed in 2-l. bottles at 4° C. for 72 hr. against three changes of buffer 
solution. Sample A, was dialyzed without dilution in the same manner. The 
final buffer solutions, against which the samples were dialyzed, were used as the 
solvents in the electrophoresis cells to form the boundaries for migration. The 
veronal-citrate buffer employed was prepared by bringing a solution of 206.18 g. 
of sodium barbital and 45 g. of sodium citrate dihydrate to pH 7.6 by the addi- 
tion of citric acid and diluting to 20 1. with distilled water. 

Electrophoresis was carried out for 7,680 sec. at 0.5° C. using a modified 
Tiselius apparatus manufactured by the Klett Manufacturing Co., New York 
City (1, 4, 5,6). A constant current of 20 ma. for the electrophoresis was sup- 
plied by the current regulator as designed by McColloch (7). Patterns were 
recorded on Kodak Metallographic plates using the Schlieren scanning method 
(5). 

To facilitate the measurement of peak areas, the patterns were enlarged ap- 
proximately four times by projecting them on a sheet of paper. The enlarged 
images were traced on the paper and component areas measured with a plani- 
meter. In determining the area due to a given component, a more or less arbi- 
trary division of a pattern had to be made due to the overlapping of the peaks. 
Following the procedure of Tiselius and Kabat (12), an ordinate was drawn 
from the lowest point between two adjacent peaks, while use of the method of 
Svedberg and Pedersen (11) involved division of the pattern into a series of - 
symmetrical curves. The results utilizing both methods are recorded in table 1. 


TABLE 1 
Areas of electrophoresis components from whey proteins 


Descending 
Ascending boundaries 
Compo- A B 
nent Salt-acid Salt-lyophilized Deutsch 
Tiselius Svedberg Tiselius Svedberg 
& Kabat & Pedersen & Kabat & Pedersen ~ 
% of total area 
1 3.0+0.1** 2.7+0.1 7.4+0.2 7.2+0.3 6 10.2 
2 7.1+0.1 6.8+0.3 4.1+0.1 3.4+0.4 4 ; 
15.8 + 0.1 12.9+0.1 17.9+0.2 16.9 + 0.4 21 18.0 
4 74+0.4 7.4+0.3 8.4+0.3 8.0+0.4 13 20.2 
5 61.8 + 0.6 66.0 + 0.4 56.0 + 0.3 58.7 + 0.7 51 48.3 
6 5.0+0.3 4.2+0.2 6.1+0.2 5.0+0.3 5 3.3 


* Interpolated from values for 0.51 and 1.23% protein to 0.85% protein. 
** Standard error of mean, calculated from measurements on 5 projections. 


Patterns obtained for the ascending boundaries were used. The electrophoresis 
time at which best measurements of both patterns could be made was 5,880 sec. 

A micro-Kjeldahl method as described by Niederl and Niederl (8) was used 
to determine the nitrogen concentration of each of the samples. Protein concen- 
trations were calculated using a conversion factor of 6.38. 
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RESULTS AND DISCUSSION 


The electrophoretic patterns of whey proteins prepared by either method con- 
tained s:x electrophoretically distinguishable peaks in relatively the same posi- 
tions (fig. 2). The patterns showed no qualitative differences in the nature of 


5 


Fig. 2. Electrophoresis of whey proteins ascending boundaries. A. Salt-acid 5,880 sec., 
0.87% protein; B. Salt-lyophilized 5,880 sec., 0.815% protein. 


whey proteins prepared by either method. There were, however, quantitative 
differences, as shown in table 1. The concentration of component 1 by the salt- 
acid method was less than half the salt-lyophilized value, while the salt-acid 
method for component 2 gave a value nearly double that from the salt-lyophilized 
method. These changes were far greater than would be allowed either by the 
standard errors shown in table 1, or by any uncertainties of the relation between 
‘eoncentration and area. Smith (10) identified component 1 as euglobulin and 
component 2 as pseudoglobulin. 

Longsworth (4), working with human blood plasma, found that the two 
methods for measuring component areas differed by as much as 33 per cent with 
an average difference of 15 per cent. From values in table 1 corresponding dif- 
ferences in this study were 18 and 7.5 per cent, respectively. 

For components 1 to 5 the data from salt-lyophilized proteins agreed with 
Smith’s data better than the data from salt-acid proteins. This was also true of 
Deutsch’s data except that he did not divide components 1 and 2. Only for com- 
ponent 6 did the data from salt-acid proteins agree somewhat better with the data 
of both Smith and Deutsch. 

Smith used a veronal buffer of ionic strength 0.1 at pH 8.6. Deutsch used a 
buffer similar to the present study, except at pH 8.6 rather than 7.6. The pro- 
tein concentration of his electrophoresis solution was not given. Such differences 
in method may account for some of the differences in peak concentrations. 

According to Rowland (9) and confirmed by Harland and Ashworth, 5.64 
per cent of the total nitrogen in milk is present in the form of non-protein nitro- 
gen. In preparation of whey proteins by the salt-acid method, all of this was 
present in the non-protein filtrate; however, by the salt-lyophilized method, only 
the casein was discarded, the non-casein filtrate being lyophilized in making sam- 
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ple B. Thus, any non-dialyzable nitrogenous substance in the non-protein filtrate 
would still be present in sample B. It first was thought the increase in concentra- 
tion of the euglobulin by the salt-lyophilized method could be due in part to such 
foreign substances. However, sample A,, as prepared.for electrophoresis, pro- 
duced only a minute pattern (fig. 3). This finding has been confirmed on later 


we 


Fig. 3. Electrophoretic pattern of non-protein filtrate from salt-acid whey. 5,400 sec., 
N x 6.38/100 = 0.035. 


samples concentrated to as little as 1/75th the volume of the original non-protein 
filtrate. 

The original milk may be assumed to have contained 0.08 per cent nitrogen 
from whey proteins and 0.03 per cent non-protein nitrogen. These would corre- 
spond, respectively, to 0.51 per cent protein and 0.19 per cent protein equivalent 
(N x 6.38). If none of this non-protein nitrogen was dialyzable, the solution A, 
when concentrated to one-fifteenth its original volume should have contained 
0.19 per cent of 15 or 2.85 per cent protein equivalent. Analysis showed 0.035 
which is only 1.2 per cent of the expected 2.85. 

The electrophoretic pattern to be expected from such an assumed solution 
of 2.85 per cent protein equivalent should have an area nearly three and five- 
tenths times the area of the salt lyophylized protein (B, fig. 2) containing 0.82 
per cent protein. The observed pattern (fig. 3) was negligibly small. 

The small observed peaks could have been due either to a small amount of 
non-dialyzable, non-protein, nitrogenous material or to a small amount of whey 
proteins that was not filtered from the non-protein filtrate. It must be empha- 
sized that these determinations were only approximate and preliminary, as no 
quantitative measurements of these non-protein substances have been attempted 
by electrophoresis. It is possible then, from this evidence, that the apparent con- 
centration change of the 1 and 2 components could have been due to some chemi- 
eal action of the HCl upon the immune lactoglobulins, resulting in a change of 
their electropohoretic behavior. 


SUMMARY 


1. Electrophoretic patterns were obtained for whey proteins. These proteins 
were prepared by two different procedures, namely, salt-acid and salt-lyophilized. 
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2. Six electrophoretically distinguishable components were split off by elec- 
trophoresis of these whey proteins. 

3. No qualitative difference in whey proteins prepared by these methods was 
recognized. 


4. The electrophoretic concentration of euglobulin by the salt-acid method 


was less than half the salt-lyophilized value, while for pseudoglobulin the salt- 
acid value was nearly double the salt-lyophilized. 

5. The change of concentration could have been due to action of HCl upon 
the immune lactoglobulins. 

6. Relative percentages of component areas from salt-lyophilized proteins 
agreed qualitatively with those obtained by Smith and only for one component 
did areas from salt-acid proteins agree better with the data of Smith and of 
Deutsch. 
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STALE-FLAVOR COMPONENTS IN DRIED WHOLE MILK. III. THE 
STEAM DISTILLATION OF STALE-FLAVOR COMPONENTS 
FROM STALE BUTTER OIL 


R. McL. WHITNEY, KATHERINE PAULSON anp P. H. TRACY 
Department of Food Technology, University of Illinois 


In previous papers in this series (1, 2), it was demonstrated that the stale- 
flavor component which develops in dried whole milk upon storage could be re- 
moved from the milk powder with the butter oil. Since this component was 
believed to be volatile, preliminary tests were made with a conventional steam 
distillation apparatus which indicated that the stale-flavor component could be 
separated from stale butter oil by this technique. This study was undertaken 
to verify these observations and to develop the most satisfactory procedure. 


EXPERIMENTAL 


Preparation of the stale butter oil. Whole milk from the University herd 
was condensed, dried without previous homogenization in a pilot-sized experi- 
mental spray drier and stored under varying conditions in order to have a con- 
tinuous supply of stale, dried whole milk. Stale butter oil was prepared as 
needed from the stale milk powder by two of the extraction procedures described 
in a previous paper (2). In some cases, the powder was hydrated to approxi- 
mately 8 per cent moisture by the dynamic method of Wilson (3) before extract- 
ing with petroleum ether, and, in the rest, the alcohol pretreatment was used. 
After extraction, the solvent was removed from the stale butter oil by the special 
technique previously reported (2). When not used immediately, the stale but- 
ter oil was stored at -26° C. 

Steam-distillation apparatus. While some changes were made in the appa- 
ratus throughout this study, it remained essentially a typical assembly for steam 
distillation under controlled pressures. The following description applies to its 
final form. Steam was generated in a 2-l. round-bottom flask immersed in a 
constant-temperature water bath. This boiler was equipped with a vacuum or 
pressure-release valve placed in the steam line to prevent either an explosion or 
the drawing back of oil from the distilling flask into the boiler. Steam from the 
boiler was bubbled through the melted butter oil in a 1-1. Claisen distilling 
flask. A thermometer, standardized against a Bureau of Standards thermometer, 
and a closed-end type mercury manometer were connected at the outlet of the 
flask to measure the temperature and pressure of the distillate at this point. 
The distillate then was passed through a water-cooled condenser and allowed to 
escape beneath the surface of the receiving liquid in a graduated cylinder main- 
tained at as low a temperature as was practical for the particular receiving 
liquid. The reduced pressure in the system was obtained by a high-vacuum 
pump connected to the receiver through a manostat. To aid in adjusting the 
manostat, another closed-end type mercury manometer was inserted between it 
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and the receiver. The pump was protected against moisture by means of a dry- 
ing tube filled with CaCl, with ‘‘Tell-Tale’’ desiccant (silica gel) as an indicator 
of saturation. 

Experiments. 


In order that the development of the final procedure and the 
interpretation of the results may be followed more easily, the results of the key 


TABLE 1 


The effect of steam distillation of stale butter oil upon the distribution of 
stale-flavor component 


Threshold value of: 


Major 
difference 
Expt. Fresh Petroleum 
butter oil plus volatile 
experiments butter oil> butter oilb distillate> fraction> 
(%) (%) (%) (%) (p.p.m.) 
2 Fresh butter (2) > 4.0 (2) > 4.0 (2) > 4.0 
oil distilled 
3 Distillationof (6)2.1+0.9 
stale butter 
oil under 
reduced 
pressure ( 
2)> 4.0 
4 Distilled 40.4 (12)1.8 + 0.4 
pen receiving 
liquid 
2)> 4.0 
5 Distillation at (6)1.8+ 0.4 (10) 1.2 + 0.6 
atmospheric (10)2.6 +1.2 
pressure 
6 Pretreatment (6)1.5+0.0 (4)1.0 +0.0 (6)1.2+0.0 (6)2.4+0.5 
and distilla- 
tion at re- 
duced pres- 
sures 
7 Increased (6)1.7+0.1 (8)0.75 +0.23 
amount of 
distillate 
collected 
8 Nopretreat- 0.3 (4)1.5+0.0 (4)2.4+0.1 
ment 
(2) > 4.0 (2) > 585 
9 — (8)1.6 + 0.2 saneseheansnaiesinnanin (10)1.8 +0.3 (4)2.6 +0.4 (4)380 + 60 
as extract- 
ing solvent 
6) > 4.0 (6) > 15.7 
10 Anhydrous (8)1.6+0.2 (6)1.3+0.3 ( 
Na,SO, used (2)3.0+0.0 (2)11.8+0.0 
for drying 
ether ex- 
tract 
11 Ether-soluble  (6)1.240.6 (6)2.64+1.1 (8)2.0+0.8 (8) 6.2+1.9 
volatile 
fraction 
vacuum 
desiccated 


4 Details described in full in text. 
> The numbers in parentheses indicate the number of judgments. Rejected judgments are 
not included. 
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experiments are reported in table 1 and discussed individually in the following 
paragraphs. 

In experiment no. 1, steam at atmospheric pressure (742 mm. of mercury) 
was passed through 60 g. of stale butter oil in the distilling flask and collected 
in 60 g. of butter oil prepared by melting and centrifuging freshly churned 
butter at 40° C. The receiver was maintained at approximately 40° C. by im- 
mersion in a constant-temperature water bath. After 200 ml. of distillate were 
collected in 1.75 hr., the contents of both the distilling flask and the receiver 
were separated and the water layers discarded. In the case of the residual butter 
oil in the distilling flask, it was necessary to centrifuge for 5 to 15 min. at 40° C. 
and 900 r.p.m. in order to break the emulsion formed during distillation. The 
original, residual and receiver butter oils were blended with fresh skim milk and 
fresh whole milk and their stale-flavor threshold values determined in the man- 
ner described previously (1). The stale flavor was detected in the receiver 
butter oil. 

To determine whether this treatment in itself might be sufficiently vigorous 
to cause any flavor changes in the receiver butter oil, it was repeated in experi- 
ment no. 2 at an atmospheric pressure of 731-732 mm. of mercury with fresh 
butter oil replacing the stale butter oil in the distilling flask. No off-flavors 
were observed after distillation in either the residual or receiver butter oils when 
judged in the usual manner. 

Since the judges comments on experiment no. 1 indicated some flavor changes 
in the residual butter oil which were not considered desirable, experiment no. 3 
was performed under reduced pressure (68 to 74 mm. of mercury) so that the 
stale butter oil in the distilling flask would not be subjected to high temperatures. 
The temperature of the vapor before condensing did not rise above 51° C. Ap- 
proximately 300 ml. of distillate were collected in 1.75 hr. Upon blending and 
scoring, the stale flavor again was detected in the receiver oil. 

It was thought that the stale-flavor component detected in the fresh butter 
oil might be due to volatile catalysts from the stale butter oil which were ac- 
celerating the formation of stale-flavor components in the fresh butter oil during 
the distillation process. To eliminate this possibility, experiment no. 4 was per- 
formed with 60 ml. of distilled water maintained at 0° C. replacing the fresh 
butter oil in the receiver. After approximately 300 ml. of distillate had been 
collected in 2 hr. under reduced pressure ‘(67-68 mm. of mereury) at a tem- 
perature of 34 to 38° C., fresh butter oil was added to the distillate in a separa- 
tory funnel at 40° C. and agitated for 2 min. The water layer was discarded 
and the butter oil blended and scored in the usual manner. The stale flavor was 
observed in this butter oil extract of the distillate. 

Experiment no. 5 was performed in the same manner as experiment no. 4, 
except under atmospheric pressure (745 mm. of mercury). The stale flavor was 
again noted in the fresh butter oil which had been used to extract the distillate. 

Since, in all previous experiments, consideration of the threshold values of 
the various stale butter oils indicated the possible synthesis of stale-flavor com- 
ponent in the residual butter oils during distillation, it was thought that this 
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phenomenon could be used to increase the concentration of stale-flavor com- 
ponent in the stale butter oil before distillation and thus improve the yield in 
the distillate. Preliminary tests indicated that a statistically significant de- 
crease in the stale-flavor threshold value of the stale butter oil could be obtained 
by refluxing steam under reduced pressure through the butter oil for 6 hr. 
Therefore, in experiment no. 6, 120 g. of stale butter oil were placed in a round- 
bottom flask equipped with a vertical condenser and the flask was immersed in a 
water bath at 48 to 49° C. Then steam under reduced pressure was refluxed 
through this butter oil for 6 hr. The pressure was maintained at 62 to 67 mm. 
of mereury by a pump attached to the outlet of the reflux condenser, and the 
boiler temperature was held at 43 to 45° C. A 50-g. sample of the pretreated 
butter oil was removed, blended with fresh skim milk and fresh whole milk and 
scored in the usual manner. The balance of the butter oil was stored overnight 
at -26° C. On the following morning, it was steam distilled under reduced 
pressure (56-87 mm. of mercury) at 30 to 44° C. as in experiment no. 4. A 
statistically significant increase in the concentration of stale-flavor component 
was observed in the pretreated butter oil, but no improvement in the yield was 
obtained in the distillate. 

These results seemed to indicate that the steam as it passed through the stale 
butter oil became saturated with the stale-flavor component under the condition 
of these experiments and that, in order to increase the yield, a longer distillation 
period would be required. Therefore, the procedure of the preceding experi- 
ment was repeated in experiment no. 7, except that the volume of distillate col- 
lected was doubled. In the pretreatment, the pressure was maintained at 66 to 
70 mm. of mercury and the boiler temperature was 44.5 to 47° C. During dis- 
tillation, the pressure was 66 to 72 mm. of mercury and the temperature of the 
vapor before condensing was 43.5 to 48° C. No statistically significant differ- 
ences were observed between the threshold values of the corresponding fractions 
in this and the preceding experiment. A considerable variation in the threshold 
of the judges was noted and a number of other off-flavors were reported in these 
two experiments, indicating that the treatment probably. was too vigorous for 
the purpose of this study. 

In experiment no. 8, the method of experiment no. 7 was repeated without 
the pretreatment. The pressure was maintained at 50 to 85 mm. of mercury and 
the temperature before condensing was 40 to 47° C. No significant decrease in 
the stale-flavor threshold value for the fresh butter oil extract of the distillate 
could be observed when the larger volume of distillate collected was compared 
with the smaller volumes of previous experiments. 

To determine the weight of the stale volatile fraction distilled from the stale 
butter oil, some modifications were necessary. In experiment no. 9, the steam 
distillation was performed at 54 to 62 mm. of mercury pressure with the tem- 
perature of the distillate before condensing at 40 to 42° C. The amount of 
distillate collected in 4.4 hr. in 60 g. of distilled water in the receiver was 287.6 g. 
After distillation, the contents of the condenser system were rinsed into the re- 
ceiver with petroleum ether which previously had been redistilled. Then the 
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distillate was extracted by agitation with three successive 100-ml. portions of 
petroleum ether for 2 min. each. The petroleum ether extracts were combined 
and stored overnight at ~7° C. On the following morning, the solvent was re- 
moved at room temperature by a water aspirator. The residual colorless oil, 
which gradually changed to a white amorphous material, weighed 878.4 mg. It 
then was dissolved in 50 g. of fresh butter oil at 40° C. and was blended and 
scored in the usual manner. The stale flavor was detected in the mixture at 
approximately the same threshold value as that of the fresh butter oil extracts 
of the distillates in the previous experiments. 

The unexpectedly large weight of the petroleum ether-soluble volatile frac- 
tion obtained in the previous experiment indicated the possibility that some 
water had been transferred with the petroleum ether. Therefore, the pro- 
cedure was modified in experiment 10 so as to dehydrate the petroleum ether 
extract before removing the solvent. The distillation was performed under a 
pressure of 52 to 62 mm. of mercury with the vapor temperature before con- 
densing at 39 to 42° C. In 3 hr., 303.1 g. of distillate were collected in 60 g. of 
distilled water and extracted with petroleum ether as before. Then 2 g. of 
anhydrous Na,SO, were added to the extract before storing it overnight at ~7° 
C. On the following morning, the extract was filtered to remove the Na.SO, 
before removing the solvent. The weight of the petroleum ether-soluble volatile 
fraction (23.6 mg.) was reduced to approximately 1/37th of that obtained in 
experiment no. 9, but a considerable loss of the stale-flavor component was indi- 
cated when the fraction was dissolved in fresh butter oil, blended and scored in 
the usual manner. 

The addition of anhydrous Na,SO, to the petroleum ether extract therefore 
was omitted in experiment no. 11. The distillation was performed under a pres- 
sure of 68 to 71 mm. of mercury with the vapor temperature before condensing 
at 38 to 48° C. In 1.2 hr., 397 g. of distillate was collected in 64.3 g. of dis- 
tilled water. After extraction with petroleum ether as before, the solvent was 
removed immediately from the extract by aspiration and the residue was stored 
for 60 min. in a vacuum desiccator over filter-paper strips impregnated with 
paraffin wax. No apparent loss of stale flavor was noted when it was dissolved 
in fresh butter oil, blended and scored. 


DISCUSSION 


When the results reported in table 1 are examined with respect to the volatil- 
ity of the stale-flavor component with steam, the evidence is quite clear. No 
serious flavor changes were produced in fresh butter oil when subjected to this 
treatment in experiment 2. Thus the results of experiments 1 and 3 can be in- 
terpreted as indicating that either the stale-flavor component is volatile with 
steam at atmospheric or reduced pressures or that volatile catalysts are present 
significant increase was noted in he stale-flavor threshold value of the fresh butter 
oil sufficiently to produce a detectable concentration by the end of the distilla- 
tion period. However, in experiments 4 and 5, when distilled water replaced the 
fresh butter oil in the receiver with the resulting reduction in the time of ex- 
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posure of the fresh butter oil to these possible volatile catalysts, no statistically 
significant increase was noted in the stale-flavor threshold value of the fresh butter 
oil containing the volatile fraction. Therefore, the stale flavor present in this 
fresh butter oil was not synthesized in it but rather was in the distillate from 
the stale butter oil in the distilling flask. Experiments 9 and 11 further this 
conclusion by isolating a weighable petroleum ether-soluble volatile fraction 
which, when dissolved in fresh butter oil and blended and scored in the usual 
manner, possessed a detectable stale flavor when this fraction was present in con- 
centrations as low as 6.2 parts per million. In only one experiment (no. 10) 
were the majority of the judges unable to detect the stale flavor in this fraction 
at its highest concentration and this may possibly be attributed to the presence 
of the anhydrous Na.SO,, which may have reacted with or adsorbed the stale- 
flavor component. A comparison of the weights and the stale-flavor threshold 
values of the petroleum ether-soluble volatile fractions obtained in experiments 
10 and 11, indicates that the stale-flavor component is by no means all of this 
fraction. The fraction secured in experiment 10, although actually the heavier, 
contained less stale flavor or perhaps none at all. 

When these results are considered to establish the best steam distillation pro- 
cedure, the evidence is not particularly clear, due to the difficulty in obtaining 
uniformity in the stale-flavor threshold values. However, some generally desir- 
able conditions are indicated. In all experiments, the stale-flavor threshold 
values of the residual stale butter oil are lower than would be calculated from 
the threshold values of the original butter oils and fresh butter oils plus dis- 
tillate. Also in many experiments, especially in 1 and 6, in which more vig- 
orous treatments were used, comments made by the judges indicated the pres- 
ence of other off-flavors. Therefore, distillation conditions should be as mild as 
possible. The time of distillation should be not more than 2 hr. The tempera- 
ture of the stale butter oil should be as low as possible (40 to 50° C.). The ex- 
posure to atmospheric oxygen during distillation should be at a minimum. 
These conditions can be approached by performing the steam distillation in the 
apparatus described under approximately 70 mm. of mercury pressure with the 
collection of about 300 ml. of distillate. While refluxing the stale butter oil with 
steam under reduced pressure apparently increases the concentration of stale- 
flavor component in the butter oil, it is probably not desirable since no measur- 
able increase in yield in the distillate was obtained when this was done in ex- 
periments 6 and 7 and other off-flavors may be produced by the extra treatment. 
Even though the stale-flavor component is not as soluble in water as in butter oil, 
a comparison of the stale-flavor threshold values of the fresh butter oil plus dis- 
tillate fraction in the various experiments indicates that distilled water at 0° C. 
is as effective a receiving liquid as fresh butter oil at 40° C. The results of 
experiments 9 and 11 indicate that the stale-flavor component can be extracted 
from the distillate by petroleum ether without appreciable loss. This petroleum 
ether extract should constitute a very useful solution for further fractionation 
in the isolation of the stale-flavor component. 
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SUMMARY 


The possibility of separating the stale-flavor component from stale butter oil 
by steam distillation was investigated. 

A procedure was developed by which a fraction was separated from the stale 
butter oil. This fraction, when dissolved in fresh butter oil and blended with 
fresh products to the composition of the original milk, yielded a detectable stale 
flavor in concentration as low as 6.2 parts per million. 

This procedure involves the steam distillation of stale butter oil under a pres- 
sure of 70 mm. of mercury and at a temperature of approximately 45° C. The 
distillate is collected in water at 0° C. and the aqueous suspension is extracted 
with petroleum ether. The fraction containing the stale flavor then is obtained 
by evaporating the petroleum ether. 
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IMPORTANCE OF HAY QUALITY AS INDICATED BY FEEDING 
TRIALS WITH IDENTICAL TWIN DAIRY HEIFERS*? 


CHANDRAKANT N. KELKAR,3 anp T. W. GULLICKSON 
Division of Dairy Husbandry, University of Minnesota, St. Paul 


Hay quality in relation to its feeding value for cattle has received much at- 
tention in recent years. Chemical analyses generally have shown that the 
higher grades of hay are lower in fiber but richer in protein, carotene and min- 
erals than lower grades of the same kind of hay. Also, in feeding tests the 
higher grade hay generally has been found to be more palatable. However, only 
a few trials have been reported concerning the feeding value of different grades 
of hay for dairy heifers. Cary (2) reported that calves fed normal rations in- 
eluding U. S. no. 3 or poorer alfalfa hay must be given a vitamin A supplement 
if they are to survive. Morrison (5) states that poor quality hay supplemented 
with vitamin A may not be as good as similar rations containing high grade hay. 
Others (3, 7) have indicated that heifers cannot be raised satisfactorily on an 
exclusive ration of even high grade legume hay, but no harmful effects on repro- 
duction or sexual development were reported. 


EXPERIMENTAL 


The experiment was designed to compare the feeding value of U. S. no. 1 
extra leafy green with U. S. no. 3 leafy brown alfalfa hay in feeding trials, 
utilizing two sets of identical twin heifers. In such animals the germ plasma is 
derived from a common zygote. Bonnier and Hanson (1) state that identical 
twins are at least 20 times as efficient as non-twins for use in group experiments 
involving growth. New Zealand workers (4) reported that one pair of iden- 
tical twins is equivalent to 100 ordinary cows in studies involving milk produc- 
tion and 25 calves in growth studies. 

Before any twins were placed on experiment the animals within each set 
were subjected to a rigorous comparison to establish their monozygosity. Com- 
parisons were made for similarity in major details of color, markings, hair 
whorls, number of teats, shape and development of udders, nose prints, tempera- 
ments, feed intakes, weights, heights at withers, rate of gains in weight and height, 
blood. types and hemoglobin values when fed identical rations. 

The two sets of identical twin heifers selected were: T1l and T12, grade 
Holsteins, 287 days old, and T18 and T19, 393 days old, the offspring of a grade 
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Holstein dam and a purebred Red Polled sire. T11 and T12 resembled Hol- 
steins in type and T18 and T19 closely resembled their sire in type but were 
black and white in color. 

The experiment started on November 21, 1948, and continued for 280 days. 
One heifer from each pair, t.e., T11 and T18, was fed U. S. no. 1 extra leafy 
green alfalfa hay as her sole ration and the twin sisters T12 and T19, respec- 
tively, were fed U. S. no. 3 leafy brown alfalfa hay, with T19 also being fed 
such amounts of a concentrate mixture as would enable her to gain at the same 
rate as T18. The concentrate mixture was made up of 225 lb. ground yellow 
corn, 300 lb. each of ground oats and ground barley, 75 lb. each of soybean oil 
meal and linseed meal, 15 lb. salt and 10 lb. steamed bone meal. According to 
the table by Morrison (5) showing the average composition and digestible 
nutrients in feeds, the mixture contained approximately 12.4 per cent digestible 
protein and 74 per cent total digestible nutrients. 

The heifers when in the barn were kept in stanchions. They were fed at 
7 a.m. and at 5 p.m. daily and each heifer always was fed slightly more hay than 
she would consume. They also had free access to clean water and a mineral 
mixture made up by weight of three parts steamed bone meal and one of salt. 
Records were kept of the amounts of feed fed to, and consumed by, each heifer 
daily. The heifers were turned outdoors for exercise during the day whenever 
weather permitted. 

Composite samples were collected from both grades of alfalfa hay when fed. 
The results of the chemical analyses of the samples are shown in table 1. The 


TABLE 1 
Chemical analysis and digestible nutrient content of both grades of alfalfa hay fed 
Crude Total 
Dry Ether N.-free Digestible ,. 
Alfalfa hay Carotene digestible 
matter protein fiber extract extract protein netelente 


(%) (%) (%) (%) (%) (mg./1009.) (%) (%) 
U. 8S. no. 1 extra 


leafy green ..... 87.2 16.1 27.0 1.8 34.5 1.9 11.9 49.7 
U. 8S. no. 3 
leafy brown ..... 90.4 14.1 35.1 1.4 32.7 0.4 9.4 46.7 


digestion coefficients reported by Morrison (5) for alfalfa hay of corresponding 
crude fiber contents were used in calculating the digestible protein and the total 
digestible nutrient contents of the two grades of hay. 

Each heifer was weighed every Sunday morning before she was fed and 
measurements for height at withers were made every 4 wk. Records were kept 
of dates when each heifer showed estrum and when bred. General observations 
in regard to health and appearance of animals were made daily. 


RESULTS 


The weight and height at withers of each heifer at the start and at the end of 
the 280-day period, as well as her total gain in weight and height and average 
daily gain in weight, are shown in table 2. The rate of gain in weight compared 
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with the Ragsdale standard (6) for Holsteins also is indicated. The data show 
that all four heifers gained in weight at above the normal rate. Facts concern- 
ing the average weight of each heifer, average daily feed and nutrient intake, 
average daily nutrient requirement according to the Morrison standard (5) and 


TABLE 2 
Data concerning the weight and height at withers of each heifer 

—_ Weight at whens a6 Gain in weight Total 
ain in 

Start End Start End Total Daily height 

(lb.) (em.) (em.) (1b.) (1b.) (em.) 
T1l 517 924 113.6 130.1 407 1.45 119.4 16.5 
T12 518 887 114.1 128.2 369 1.32 108.2 14.1 
T18 582 951 109.7 119.2 369 1.32 112.5 9.5 
T19 585 965 109.9 120.4 380 1.36 115.9 10.5 


® Growth Standards for Dairy Cattle (6). 


the percentage which the T.D.N. intake is of the amount required, during succes- 
sive 56-day intervals and for the entire period of the experiment are presented in 
table 3. 

The data in table 1 reveal that, pound for pound, the U. S. no. 1 extra leafy 
green alfalfa hay contained approximately 1.3 times as much digestible protein, 
1.1 times as much T.D.N. and nearly 5 times as much carotene as the U. S. no. 3 
leafy brown alfalfa hay. The U. S. no. 1 extra leafy green alfalfa hay also 
was considerably more palatable than the U. S. no. 3 leafy brown alfalfa hay, as 
indicated by the fact that the daily hay consumption by T11 was about 3.5 lb. 
greater than for T12. 

The superiority of the no. 1 over the no. 3 grade of alfalfa also is suggested 
by the fact that T1l gained 38 lb. more in weight and 2.4 em. more in height 
at withers than T12 during the period of the experiment. These differences, 
however, are small when the great difference between the nutrient intakes of the 
two animals is considered. T12 actually received less than 80 per cent as many 
pounds of T.D.N. daily (2.2 lb. less) than T11. Compared with the Morrison 
standard (5) T1l and T12 received 106 and 86 per cent, respectively, of their 
T.D.N. requirements for growth. T12 also received only about 75 per cent of 
the required amount of carotene. These results suggest that a more efficient 
utilization of nutrients received was made by T12 than by T1l. Morrison (5) 
states, ‘‘there is even more difference in the utilization of the digested nutrients 
in the liberal and scanty rations than there is in the percentage digested.’’ 

Comparisons like the foregoing cannot be made between T18, fed U. S. no. 1 
extra leafy green alfalfa hay, and T19, fed U. S. no. 3 leafy brown alfalfa hay, 
because the latter, as has been stated, was fed enough concentrates along with 
the hay to enable her to gain in weight at the same rate as T18. T19 consumed 
an average of 4 lb. concentrates daily and derived approximately 31 per cent of 
her T.D.N. intake from this source. The data in table 3 show that the daily 
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T.D.N. intake was approximately the same for both heifers and, as they made 
the same gains in weight, it is apparent that the nutrients supplied in both 
rations were equally well utilized. There was no significant difference between 
the two heifers in gain in height at withers. 

All four heifers received an adequate supply of protein, but the rations of 
T12 and T19, fed the lower grade hay, were deficient in carotene; however, 


TABLE 3 . 


Data concerning the average weight, daily feed and nutrient intakes and nutrient requirements 
of each heifer during successive 8-wk. periods and for the entire period of the experiment 


8-wk Feed consumed Nutrient intake Nutrients required» 


period Alfalfa Concen-  Pro- Caro- Pro- Caro- T.D.N. 
no. hay T.D.N. T.D.N. provided 


Ti 
1 562 a 2.1 8.7 150 0.88 8.1 34 107.4 
2 666 ee 2.3 9.6 166 0.92 9.0 40 106.7 
3 765 7 2.6 10.7 185 0.94 9.7 46 110.3 
4 845 oe 2.7 11.1 193 0.96 10.2 51 108.8 
5 896 22.2 2.6 11.0 191 0.98 10.5 50 104.8 
Av. 747 See. swe 2.5 10.2 178 0.94 9.6 45 106.3 
T12 
1 552 re 1.2 6.1 24 0.88 8.0 33 76.3 
2 634 re 1.6 7.8 30 0.91 8.8 38 88.6 
3 722 Oc L7 8.5 33 0.93 9.4 43 90.4 
4 798 19.6 1.8 9.2 36 0.95 9.9 48 92.9 
5 855 18.7 1.8 8.7 34 0.97 10.2 48 85.3 
Av. 712 17.2 1.6 8.0 31 0.93 9.3 43 86.0 
T18 
1 623 aa 2.1 8.6 149 0.90 8.7 37 98.9 
2 688 a 2.1 8.7 152 0.92 9.2 41 94.6 
3 779 TR wien 2.3 9.7 169 0.95 9.8 47 99.0 
+ 855 BOA we 2.4 10.1 176 0.97 10.2 51 99.0 
5 918 BE com 2.6 10.7 186 0.98 10.6 55 100.9 
Av. 773 19.3 2.3 9.6 166 0.94 9.7 46 99.0 
T19 
1 618 14.9 1.29 1.6 7.9 27 0.90 8.6 37 91.9 
2 685 15.0 3.71 1.9 9.8 27 0.92 9.1 41 107.7 
3 770 15.3 4.50 2.0 10.5 28 0.94 9.7 46 108.2 
4 855 13.5 5.46 1.9 10.3 25 0.97 10.2 51 101.0 
5 925 10.6 5.00 1.6 8.7 19 0.98 10.6 55 82.1 
Av 771 13.9 3.99 1.8 9.4 25 0.94 9.7 46 96.9 


@ Carotene in concentrates not included. 
b Morrison (5). 


neither of these heifers exhibited symptoms of a vitamin A deficiency at any 
time during the period of the experiment. The physical appearance of the 
heifers fed no. 1 alfalfa hay was in general slightly superior throughout to that 
of those fed no. 3 alfalfa hay. 

It is significant that there was as great a difference between the gains in 
weight of T11 and T18, both of which were fed no. 1 alfalfa hay, as between T11 


292 CHANDRAKANT N. KELKAR AND T. W. GULLICKSON 


and her twin sister T12, fed no. 3 alfalfa hay. These results illustrate how the 
individuality of animals selected may affect experimental results. By using 
identical twins this upsetting factor largely is eliminated. 

The evidence is incomplete in regard to the possible effect of quality of hay 
fed on sexual development of heifers. The records show that T18 and T19 were 
sexually mature when started on experiment. T18 came in heat and was bred 
on December 1, 1948, and T19 was bred on December 20. Both heifers were 
bred to the same sire and each conceived from a single service. T11 first came 
in heat December 29, 1948, but T12 did not show estrum until 96 days later. 
After the first heat period, however, each heifer showed estrum regularly. T12 
was first bred on May 17, 1949, and T11, 11 days later. Since that time both 
heifers were bred regularly at each heat period but neither of them conceived. 
No explanation other than difference in quality of hay fed is available to ac- 
count for the delay in appearance of estrum in T12. 


CONCLUSIONS 


The U. S. no. 1 extra leafy green alfalfa hay was more palatable, richer in 
digestible nutrients and carotene and, when fed to heifers, produced slightly 
more rapid gains in weight and in height at withers than U. S. no. 3 leafy brown 
alfalfa hay, but at a higher cost in nutrients per unit of gain. 

The value of using identical twins in experiments comparing the nutritive 
value of feeds is indicated. 
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THE NUMBER OF PROVED SONS NECESSARY TO EVALUATE THE 
TRANSMITTING ABILITY OF A DAIRY SIRE *? 


W. E. WASHBON: W. J. TYLER 
West Virginia University, Morgantown 


Breeders of dairy cattle constantly are looking for more aids to use in select- 
ing future herd sires. Washbon (2,3) has advocated the use of the performance 
of a sire’s proved sons (based on Dairy Herd Improvement Association records) 
as a basis for evaluating the transmitting ability of the sire and has suggested 
selection of bulls whose paternal brothers have sired daughters that produce 
more butterfat than their dams at a relatively high level of production. 

The reliability of selecting bulls by this method depends upon how well the 
later proved sons of a sire repeat the performance of their earlier proved pater- 
nal brothers. This paper reports the results of a study of the correlation be- 
tween the daughter performance of varying numbers of first proved and later 
proved paternal brothers. 


EXPERIMENTAL PROCEDURE 


One hundred seventy-four Holstein sires with eight or more DHIA proved 
sons were studied to determine the least number of proved sons necessary to 
estimate most accurately the performance of those to be proved later. The data 
included: (a) average butterfat production of the proved sons’ daughters, (b) 
average differences of daughters’ production as compared to their dams and (c) 
the per cent of proved sons that maintained or increased butterfat production of 
the herds in which they were used. The average performance of the first three 
to ten proved sons, respectively, was compared with the performance of the fol- 
lowing five and ten sons. 

The essential information about each proved son of the 174 Holstein sires 
studied was punched on International Business Machine cards. These cards, 
approximately 3,000 in number, then were sorted by sires either in actual se- 
quence of proof, if known, or in sequence of registration. The cards were ar- 
ranged so as to obtain the listing and totals of the first three sons, the next five 
sons and the next ten sons for each of the 272 sires. The cards then were re- 
arranged by placing the first four sons in the first group, to be compared with 
the following five and ten sons. This was repeated for the first five, six, seven, 
eight, nine and ten sons where sufficient numbers made comparisons possible. 

The essential data and the averages of each group and of the groups with 
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which each was to be compared were computed and punched upon summary 
eards. The summary cards were used to obtain listings of comparative per- 
formance of associated groups of sons. The summary cards again were used to 
obtain sums of squares and cross products for statistical analysis of the data. 

A difference in the average number of dam-daughter comparisons between 
the first proved sons and those proved later might affect the conclusions drawn 
from a comparison of two groups of paternal brothers. <A study involving 118 
Holstein sires with 1,782 proved sons indicated that there was no appreciable 
difference in the average number of dam-daughter comparisons between groups 
of the data to be studied. 

A consistent but slight tendency for the better sons of a sire to be proved 
more promptly than the poorer ones was indicated by a consistently higher fat 
level and daughter fat difference of first proved sons arranged by actual order of 
proof as compared to the same sons arranged in sequence of registration. The 
extent of this influence was not considered sufficient to affect materially the in- 
vestigation. 

RESULTS 


The average butterfat produced by the daughters of the first three to ten 
proved sons was 386 lb., which was 10 lb. less than the average production of the 
daughters of the next five or ten proved sons (Table 1). This greater produc- 


TABLE 1 


Means and regression coefficients (b) of mean daughter fat of later proved sons upon the 
means of three, five and ten sons proved earlier 


First proved sons Next 5 sons Next 10 sons 
Number Mean Mean b Mean b 
3 385 391 0.66 395 0.55 
5 387 394 0.62 393 0.59 
10 384 400 0.60 395 0.37 


tion of the later proved sons’ daughters is ascribed largely to the gradual im- 
provement of economic conditions from 1930 to 1948 which favored daughters of 
the later proved sons. The standard deviation of the average daughter fat of 
the groups of proved sons ranged from 40 lb. of fat with three sons in the group 
to 25 lb. when the group contained from six to ten sons. 

The correlation coefficients between average daughter butterfat of the first 
proved Holstein sons and those proved later were statistically significant and 
ranged from 0.40 to 0.65, as shown in table 2. Correlations decreased as the 
average daughter butterfat of the first eight, nine and ten proved sons was com- 
pared to the performance of the daughters of the next ten. This was the op- 
posite of normal expectation, since a comparison involving larger numbers would 
be expected to show higher correlations than smaller numbers. This trend did 
not exist when comparing the first three to ten proved sons, respectively, with 
the next five sons. Weighted average correlations (1) of sons’ daughters’ aver- 
age butterfat between the first three to ten proved sons, inclusive, and the next 
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five and next ten sons were computed and are given in the bottom line of 
table 1. 

The regression coefficients of mean daughter fat of later proved sons upon 
those proved first ranged from 0.32 to 0.85, most of them being in the range 0.45 
to 0.60. 

The correlation coefficients between the mean daughter fat difference of the 
first proved sons and those proved later ranged from 0.04 to 0.40 and are shown 
in table 1. The weighted average correlation between the first three to ten 
proved sons, inclusive, and the next five sons was 0.26, while a weighted corre- 
lation of 0.28 was obtained in the comparison between the first three to ten 
proved sons and the performance of the next ten sons. 

The average per cent of sons maintaining or increasing production does not 
change materially as more sons are proved. There was some indication of a 
trend toward a lower percentage as more than 15 sons were proved. 

The correlation coefficients between the average per cent sons plus of the 
first proved sons and those proved later are given in table 1. The average 
weighted correlation between the first three to ten sons, inclusive, and the next 
five sons was 0.11, while a correlation of 0.21 was obtained between the first group 
and the next ten sons. 

DISCUSSION 


The variations between groups of sons of the same sire are a result of sam- 
pling of the sire’s inheritance, differences in transmitting abilities of the dams 
of the sons, differences in the average inheritance of the cows to which the sons 
are mated, and differences in temporary or permanent environments affecting 
the herds in which the sons were used. A group of ten sons of a sire might be 
mated to dams that averaged as much as 75 lb. of fat above or below the dams to 
which another ten sons were mated. One group of sons could, by chance, be 
mated to dams of better inheritance than another group. These extreme condi- 
tions were rather uncommon within the data studied but did exist in a few 
instances. 

There was some indication that the differences in the inheritance of the dams 
of the sons contributed to this variation. Among the 154 sires with sons 
arranged by order of registration number, there were several instances in which 
a higher proportion of first born sons increased or decreased production. This 
was followed by the opposite performance in later proved sons. It might happen 
that this relationship would occur purely by chance, although this is not to be 
expected. Partial explanation might lie in the often-followed policy of mating 
a young bull only to the daughters of an older sire at the farm. If the older 
sire possessed outstanding inheritance, the sons from such matings might be 
superior. As the young bull grew older, matings with the older females in the 
herd might give his later sons poorer inheritance than his first born sons because 
these new mates could be cows more representative of the herd average. The 
exact opposite of the situation is as likely in which the older sire was an out- 
standingly poor one. 
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The correlation coefficients indicated that the progeny performance of four 
or five proved sons was fairly reliable as a measure of a sire’s transmission to 
future sons. When the first eight, nine and ten sons were compared with the 
next ten sons, the correlations were smaller than the correlations between the 
first three to seven sons and the next ten sons. However, the sampling error is 
large because of the small number of sires that had 18 or more sons, and may 
explain the differences observed here. 

The method of averaging correlation coefficients was adopted because of the 
consistent nature of relationships from group to group. The weighted average 
correlation should give a slightly more reliable statistic than any individual 
correlation. The degrees of freedom for the weighted statistic will not be much 
larger than the largest number of degrees of freedom for any of the correlations 
that were averaged. 

The correlation between one group of sons and the next group of sons by 
the same sire is a measure of the genetic similarities between the two groups 
plus the fact that the bulls in the two groups may have been used in herds with 
similar environment. Sires with proved sons performing at relatively high 
levels of production had groups of sons that fluctuated from that high average 
as much as groups of sons from mediocre sires varied from a mediocre average. 
When these son-group fluctuations were charted it was clear that the groups of 
sons from the superior sires fluctuated at a high level, the groups of sons from 
the mediocre sires varied around the breed average and the groups of sons from 
the poor sires fluctuated at levels below breed average. The pronounced tendency 
for groups of sons from superior sires to vary at consistently higher-than-average 
levels might allow more certain identification of desired inheritance provided the 
effects of similarities in herd environments for the sons of such sires can be 
evaluated. If stratification of herd environments is inherent in these data, then 
consideration of this factor should be taken into consideration if breeders are to 
select bulls on the basis of the performance of the bull’s paternal brothers. This 
problem of evaluating the relative importance of herd environment and heredity 
needs further study. 

SUMMARY 

A total of 174 Holstein-Friesian sires with eight or more D.H.I.A.-proved 
sons was studied to determine the least number of proved sons necessary to esti- 
mate accurately the performance of those to be proved later. The results showed 
that the average butterfat production of the sons’ daughters increased as more 
sons were proven, a tendency that also was reflected in greater daughters’ fat 
difference as compared to their dams. This increase probably was due more to 
environmental than genetic causes. 

Highly significant correlations (r= 0.46 to 0.62) indicated that the average 
butterfat production of the daughters of the first three or four sons was nearly 
as accurate as data on more sons in estimating the average butterfat production 
of the daughters of the next five or ten proved sons. 

Similarly, the significant correlations (r=0.19 to 0.31) for the sons’ 
daughters’ average increase or decrease in butterfat production from their dams 
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indicated that data on the first three or four proved sons were nearly as accurate 
as data on a larger number in predicting what might be expected from the next 
five or ten proved sons in this respect. 

The correlations for per cent sons improving production were lower than those 
for fat level or fat difference. Figures on the first three or four sons were as 
accurate as data on a larger number of sons in predicting percentage of improvers 
in the next five or ten proved sons. 
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FLAVOR DETERIORATION ASSOCIATED WITH THE LIPID PHASE 
OF WHOLE MILK POWDER’ 


ARTHUR T. MUSSET,2 STUART PATTON anp CHESTER D. DAHLE 
Department of Dairy Husbandry, Pennsylvania Agricultural Experiment Station, 


State College 

Whole milk powder readily undergoes flavor deterioration, either during 
manufacture or shortly thereafter. This flavor defect is intensified with in- 
creased length of storage or elevated storage temperature. Definition of the 
defect includes such terms as ‘‘typical of whole milk powder,’’ ‘‘heated,’’ ‘‘like 
coconut,’’ ‘‘stale’’ and various others. This defect should not be confused with 
oxidized flavor of dairy products, since it is detectable in whole milk powders 
of best quality long before true oxidized flavor normally is evident. Milk powder 
in which the milk fat has been replaced with a suitable vegetable fat appears to 
be free of this flavor (8). 

Bailey (3) states, ‘‘Flavor reversion in fats is probably defined most satis- 
factorily as the appearance of objectionable flavor from less oxidation than is 
necessary to produce true oxidative rancidity.’’ He points out that the amount 
of oxygen necessary to produce flavor deterioration in partially hydrogenated 
lard was only one-fiftieth of that necessary to produce (oxidative) rancidity. 
Bailey further believes ‘‘the respective phenomena of flavor reversion and ran- 
cidification are associated with amounts of oxidation so different in degree that it 
appears hardly proper to consider them more than casually related.’’ 

Some preliminary investigations (11) of flavor change in dry butterfat dur- 
ing storage indicated great similarity between the flavor developing in this 
medium and that produced in dry whole milk during its manufacture or shortly 
thereafter. West (15) observed this phenomenon when aged dry butterfat was 
re-emulsified in fresh, pasteurized skim milk. In addition, he found that the 
use of antioxidants and nitrogen packing, either together or separately, only de- 
layed rather than prevented the onset of the ‘‘typical whole milk powder’’ 
flavor defect in dry butterfat stored as such. The development of this flavor in 
stored dry butterfat is catalyzed by heat and appears to resemble the mechanism 
of flavor deterioration in many other fats and oils. 

Ashworth (1) reported that heating of the skim milk and cream separately 
prior to drying showed some promise of improving the shelf life of the resulting 
powder. Less flavor change was noted in powder made from concentrated skim 
milk receiving high heat treatment and cream receiving low heat treatment. A 
patent issued earlier to North and Alton (12) claims that the keeping quality 
of whole milk powders are enhanced if the cream is not subjected to condensing. 
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Whitney and Tracy (16) recently have isolated a stale flavor component 
from dry whole milk which appears to be concentrated in the milk fat phase. 
These authors indicate that stale flavor develops only after some period of stor- 
age, whereas the flavor of interest in this report is that exhibited immediately 
after manufacture or a very short storage period. 

This investigation was conducted to determine the effect of different fats on 
the initial and storage flavor qualities of dry whole milk. Secondly, a study of 
the storage characteristics of certain fractions of butter fat was made to deter- 
mine which fractions are most concerned in the flavor deterioration of whole 
milk powders. 

EXPERIMENTAL 


Dry whole milk. In order to study the contribution of the lipid phase of 
dry whole milk to flavor deterioration occurring at the time of manufacture or 
shortly thereafter, samples of dry whole milk were prepared utilizing the fol- 
lowing fats: (a) Control (whole milk with fat untreated) ; (b) partially hydro- 
genated coconut fat (melting point 76° F.) ; (c) dry butterfat; and (d) a com- 
bination of 75 per cent partially hydrogenated cocoanut fat and 25 per cent dry 
butterfat. A quantity of high quality mixed herd milk was obtained from the 
college creamery and treated as follows: A portion of the milk was removed, 
standardized to 3.4 per cent fat, forewarmed to 170° F. for 30 min. and concen- 
trated to approximately 36 per cent total solids. Upon completion of evapora- 
tion, the condensed milk was homogenized at 2500 p.s.i. through a single stage 
homogenizer, cooled to approximately 40° F. and held for drying the follow- 
ing day. 

The remainder of the milk was centrifugally separated. The skim milk por- 
tion was forewarmed to 170° F. for 30 min. and condensed to approximately 29 
per cent total solids, cooled and divided into three equal lots for addition and 
emulsification of fats. To one lot of the condensed skim enough partially hy- 
drogenated coconut fat was added to give a fat/snf ratio equal to that of the 
control whole milk. Dry butterfat for addition to the second lot of condensed 
skim milk was prepared from the cream by a conventional method. Briefly, this 
consisted of pasteurizing (155° F. for 30 min.), cooling and churning the cream. 
The resulting butter was thoroughly washed, melted and rewashed several times 
with warm water. After the final washing, the wash water was removed by pass- 
ing the oil-water mixture through an International Harvester separator. A mix- 
ture of 75 per cent partially hydrogenated coconut fat and 25 per cent butterfat 
was added to the third lot of condensed skim milk. The various fats were emul- 
sified in the condensed skim milk by homogenization through a single stage at 
2500 p.s.i. 

The experimental batches of milk were dried in a Rogers chest-type spray 
drier which had four no. 72 atomizing nozzles and a capacity of 140 lb. of 
powder per hour. The milk was atomized at a pressure of 2500 p.s.i. and the 
outlet temperature of the drying chamber was approximately 186° F. 

The powders were sifted and weighed into no. 1 tin containers. The tins 
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then were placed in a large container and subjected to a vacuum of 28 in. for 
18 hr. At the end of this period, the cans were removed and sealed individually 
by means of an American Can Co. machine designed for automatic sealing under 
vacuum. The samples of powder were stored at room temperature. The fat 
(27.85 + 0.40 per cent) and moisture (2.33 + 0.25 per cent) content of all 
samples were relatively uniform. 

Since there appeared to be no suitable chemical tests for measuring the flavor 
changes under consideration, and in view of the fact that several groups of in- 
vestigators (4, 5, 6, 7, 9 and 10) have found organoleptic procedures the most 
useful for detecting flavor deterioration, such procedures were employed for 
evaluating flavor in these experiments. Five experienced judges were used at 
each taste session. Only one judge at a time was permitted to examine the 
samples. The identities of the samples were unknown to the judges. Criticisms 
of the samples were classified as slight, definite, pronounced and very pro- 
nounced. Flavor evaluations of the samples were made following manufacture 
and at monthly intervals thereafter. 

Dry butterfat fractions. In an attempt to clarify the nature of flavor de- 
terioration in dry butterfat, storage studies were conducted on various high and 
low melting butterfat fractions. The Winterization method of obtaining the de- 
sired fractions was selected over solvent crystallization as being least rigorous 
in treatment of the fat from a flavor viewpoint. This method has had commer- 
cial application in the vegetable oil and beef tallow industries for many years 
as a means of fractionating fats. 

Dry butterfat was prepared from fresh sweet cream obtained from high qual- 
ity milk of mixed herds on winter rations. The method of making the dry 
butterfat previously is described in this report. Prior to fractionation the but- 
terfat was dried under vacuum to a moisture content of less than 0.1 per cent. 
After drying, the butterfat was divided into four equal lots which were treated 
as follows: Lot one was used as the control dry butterfat. The remaining three 
lots were adjusted to 32, 50 and 70° F., respectively, and allowed to crystallize 
for 24 hr. Upon completion of the crystallization period, each lot of liquid- 
solid mass was placed in a Carver hydraulic laboratory press for separation. 
The pressure on the mass was increased gradually by means of an hydraulic ram 
to 8000 p.s.i. and held at that pressure for several minutes. The liquid was col- 
lected and solids removed from the press for weighing and calculation of the 
per cent yield. Samples of the control butterfat along with each of the various 
liquid and solid fractions were air-packed in brown glass bottles for storage at 
room temperature. The melting points were determined on the fresh samples 
by the capillary tube method (2). Iodine numbers were ascertained by the 
Rosenmund-Kuhnhenn method (14). 

By use of a hand homogenizer and fresh pasteurized skim milk, the samples 
of fat were re-emulsified on the basis of 4 per cent butterfat. Procedures for 
organoleptic evaluation of the re-emulsified samples were the same as those pre- 
viously given for dry whole milk. 
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DISCUSSION AND RESULTS 


From a beverage standpoint, dry whole milk has certain inherent flavor de- 
fects. Although such defects may vary with manufacturing and storage condi- 
tions of the powder, they are evident in freshly-made dry milk of highest quality. 
The results of this study indicate that these initial flavor defects of dry whole 
milk have their origin, in part at least, in the lipid phase of the powder. The 
data in table 1 show clearly that a portion of the inherent flavor defects of whole 


TABLE 1 
The effect of storage on the flavor of dry whole milksa made with various fats 


Flavor after storage in months 


Type 

aaa 0 1 2 3 4 5 6 

Control + milk ++ milk ++milk ++milkk ++milk ++milk ++milk 
powder powder powder powder powder powder powder 

Coconut bland bland nocriti- nocriti- flat flat 

fat cism cism 

Dry ++milk ++milk ++milk ++++milk ++ oxi- ++ oxi- ++ oxi- 

butterfat powder powder powder powder dized dized dized 

75% coco- 

nut fat 

25% dry bland nocriti- nocriti- nocriti- flat flat stale 

butterfat cism cism cism 


® Double vacuum packed in no. 1 tins and stored at room temperature. 

> Resembling raw potato flavor. 

Code: + slight; ++definite; +++pronounced; ++++ very pronounced. 
milk powder do not develop when part or all of the butterfat is replaced with 
hydrogenated coconut fat. These findings were confirmed by flavor data ob- 
tained independently at the Quartermaster Food Acceptance Laboratories on the 
same samples (13). It was observed further that the odor in the drying cham- 
ber following the processing of samples containing pure butterfat was typical of 
that associated with whole milk powder, whereas the milk containing hydro- 
genated coconut fat imparted little or no odor to the chamber. 

The experiments dealing with flavor deterioration in dry butterfat, stored as 
such, also tend to support the observation that the lipid phase of dry whole milk 
is responsible for a portion of the characteristic flavor defect in the powder. 
The aged butterfat, when reconstituted in fresh skim milk, imparted a flavor 
very similar to that of dry whole milk (table 2). Certain of the taste panel 
members had difficulty in distinguishing between aged dry butterfat and dry 
whole milk when these products were reconstituted as beverage milk. The dry 
butterfat experiments also show that fat fractions obtained by the hydraulic ex- 
pression of crystallized butterfat vary in their stability to storage deterioration. 
The solid fractions appear to be relatively stable in this respect, whereas the 
liquid fractions deteriorate rapidly. That the liquid fractions undergo consid- 
erable change during storage is borne out by significant variations in their iodine 
numbers (table 3), as well as by their flavor on reconstitution in fresh skim milk. 
The solid fat fractions seem to afford some protection of an antioxidant type to 
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TABLE 2 


The effect of storages on the flavor of fat fractions obtained by the hydraulic expression of 
dry butterfat at various temperatures 


Age of samples 


Fractions 
Fresh 2 wk. 1 mo. 2 mo. 3 mo. 4 mo. 

Control no criti- no ¢riti- + milk ++ milk ++ milk ++ milk 

cism cism powder powder powder powder 
32° F. ++ oxi- ++ oxi- 
Liquid dized dized dized 
32° F. no criti- no criti- no eriti- + milk ++ milk ++ milk 
Solid cism cism cism powder powder powder 
50° F. + milk ++ oxi- oxi- 
Liquid powder dized dized 
50° F. no eriti- no criti- no criti- no criti- + milk + milk 
Solid cism cism cism cism powder powder 
70° F. + milk ++ oxi- +++ oxi- +++ oxi- +++ oxi- 
Liquid powder dized dized dized dized 
70° F. no criti- no criti- no eriti- + butter- + butter- + milk 
Solid cism cism cism scotch scotch powder 


® Air packed in brown glass bottles at room temperature. 

Code: + slight ; ++ definite; +++ pronounced ; ++++ very pronounced. 
the liquid fractions, as evidenced by the relative stability of the control dry but- 
terfat and a secondary control made by combining liquid and solid fat fractions 
immediately following expression. 


TABLE 3 


Some properties of fat fractions obtained by the hydraulic expressiona of crystallized dry 
butterfat at various temperatures 


32° F. 50° F. 70° F. 
Control 
Liquid Solid Liquid Solid Liquid Solid 
Melting Point (°F.) 86-89 46-53 91-95 50-53 98 53-56 109 
Yield (%) 7 93 14 86 63 37 
Iodine Numbers 
Fresh 33.0 36.2 31.9 39.9 29.9 36.3 25.2 
4 mo. 31.5 34.5 30.9 37.7 29.3 34.6 24.7 
Net change -1.5 -17 - 0.8 2.2 0.6 -1.7 -0.5 


2 8000 p.s.i. pressure used. 
SUMMARY AND CONCLUSIONS 


Studies of inherent and initial flavor changes produced during manufacture 
and early storage of dry whole milk indicate that deterioration of the lipid phase 
accounts, in part at least, for such changes. Milk powder prepared with hydro- 
genated vegetable fat was lacking in certain of the flavors normally present in 
dry milks containing butterfat. Further, aged dry butterfat upon reemulsifica- 
tion in fresh skim milk was observed to impart a flavor very similar to that typ- 
ical of fresh dry whole milk of good quality. These findings were considered 
good evidence that dry butterfat may undergo certain initial changes in flavor 
prior to the onset of oxidative rancidity. Such changes in dry butterfat appear 
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to be catalyzed by heat and the presence of oxygen; however, they may take 
place at relatively low temperatures and oxygen levels during longer periods of 
time. 

Fat fractions, obtained by hydraulic expression of butterfat crystallized at 
various temperatures, showed consistent variations in keeping quality. The 
solid fat fractions were all relatively stable with respect to flavor deterioration 
during storage, whereas all the liquid fractions deteriorated rapidly. It is sug- 
gested that preliminary deterioration of the low melting portion of butterfat may 
be responsible for the flavor changes observed in connection with dry whole 
milk and stored dry butterfat in this investigation. 

The viewpoints and conclusions of this paper are not to be construed as ap- 
proval of the authors for the use of substitute fats in dairy products. Substi- 
tute fats were used in these experiments as an academic approach to the ques- 
tion of flavor deterioration of a lipid nature in dry whole milk. 
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THE USE OF DEHYDRATED FORAGES IN DAIRY CATTLE RATIONS. 
I. GRAIN SUBSTITUTION WITH FINELY GROUND MATERIAL’ 


E. B. HOPE, R. E. ERB, T. H. BLOSSER, U. S. ASHWORTH anp A. O. SHAW2 
Division of Dairy Husbandry, Washington Agricultural Experiment Stations, 
State College of Washington, Pullman 


Numerous feeding irials have been conducted with milking cows and grow- 
ing heifers using many different kinds of dehydrated forages. In these trials 
dehydrated forages clearly have shown a superiority for both growth and milk 
production over sun-cured forages harvested from the same field. Most of the 
earlier work on the nutritive value of dehydrated forages has been very well 
reviewed by Huffman (4) in 1939 and by Watson (13) in 1948. 

Several workers have compared the value of dehydrated forages as a partial- 
to-complete replacement of concentrate mixtures for milk production. Wood- 
man et al. (15), using dried grass protein cake, replaced all of the concentrate 
mixture and observed satisfactory milk and fat production. Watson (12) re- 
placed the concentrate ration of five cows for 14 days with dehydrated grass 
without too much decline in production. Newlander (9) and Knott and Hodg- 
son (5) replaced a portion of the concentrate mixture with dehydrated grass in 
change-over type experiments with short feeding periods without observing ap- 
preciable declines in milk production. Watson and Ferguson (14) fed an aver- 
age of 8 lb. of dehydrated grass in meal form as a partial replacement for con- 
centrates, using 5-wk. experimental periods. There was no statistical differ- 
ence between milk, fat and solids-not-fat production when compared with con- 
trols. These workers further observed that the cows would eat no more than 
8 to 10 lb. daily of this powdered material. In this connection, Cole and Mead 
(3), feeding finely ground alfalfa as the sole roughage, observed diminished 
rumination, depraved appetite and recurrent bloat. Camburn (2) replaced a 
part to all of a 20 per cent protein grain mixture with dried young grass, in a 
reversal type experiment with 3-wk. experimental periods, without observing 
any decline in milk production. 

-The purpose of the experiment herein reported was to test the grain replace- 
vent value of a commercially prepared lot of dehydrated grass with high-pro- 
ducing dairy cows at 15, 30 and 45 per cent levels of grain replacement in a 
change-over type of experiment. 


EXPERIMENTAL 


Animals. Twenty high-producing cows were divided into four groups con- 
sisting of three Holstein, one Jersey and one Guernsey per group. The age, 
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stage of lactation, breeding date and production of each cow is shown in table 1. 
Cow 269 from group 2 and cow 300 from group 4 were removed from the ex- 
periment at the end of the first period and were replaced by cow 232 and cow 
212, respectively. Cow 269 was suffering from rumen atony and possibly other 
undetermined ailments, and cow 300 died from a foreign body of long standing. 
Neither incident can be attributed to this experiment. 


TABLE 1 


Age, date of freshening, productive level, date of breeding and group assignment 
of each cow used 


4% F.C.M. for 
Group —_ Breed Age ee i first transi- Date bred 
tion week 

(yr.) (1b.) 
2124 J 2.5 3-26-48 223.0 11- 6-48 
3058 G 3 4-13-48 261.6 11- 8-48 
i 237 H 7 4-29-48 
256 H 5.5 5-25-48 453.2 8-19-48 
274 H 4 10- 3-47 

Av. 338.7 
2125 J 2.5 3-27-48 188.7 12-24-48 
3900 G 4 6— 6-48 356.1 11-24-48 
2 207 H 9 10- 1-47 SS 
296 H 2.5 4-16-48 295.7 1l— 7-48 
2694 H 4.5 3-28-48 
232b H 7.5 7- 1-48 371.9 pesieecrcees 

Av.c 305.5 
2122 J 3 3- 4-48 201.4 11- 2-48 
3903 G 4 4-12-48 
3 297 H 2.5 4-24-48 296.0 7-13-48 
249 H 6.5 4-23-48 
253 H 6 5-20-48 377.2 1l- 4-48 

Av. 317.8 
2123 J 2.5 3-31-48 202.4 12- 6-48 
3902 G 4 6-26-48 343.1 11-26-48 
4 264 H 5 5-23-48 443.8 8- 7-48 
300a H 2.5 4— 1-48 
212b H 8.5 6— 4-48 293.3 11-15-48 
231 H 7.5 5-21-48 398.6 8-12-48 

Av.c 336.2 


2 Removed from experiment at end of first period. 
> Placed on experiment beginning of second period. 
¢ Cows under footnote (a) not included in the group average. 


Rations. The roughages used consisted of good quality, chopped alfalfa hay 
and a grass-legume silage. The dehydrated grass was a mixture of orchard 
grass, ladino clover, alsike clover and timothy. This mixture was seeded 2 yr. 
previous to dehydration on land which had been treated with 2 tons of lime- 
stone and 100 lb. of treble superphosphate per acre. The grasses were har- 
vested at an average height of 10 in. and dehydrated in an Arnold Dehydrator 
at approximately 1,700° F. This material was fed in finely ground form. 

The grain mixture used consisted of 200 lb. millrun, 400 Ib. ground cull peas, 
600 lb. ground oats, 300 lb. ground barley, 200 lb. ground whole corn, 300 Ib. 
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linseed oil meal, 20 lb. iodized salt, 20 lb. steam bone meal, 4 oz. type 9-F irradi- 
ated yeast and 2 oz. of manganese sulfate, feeding grade. The average analyses 
of feeds as fed are shown in table 2. 

Procedure. Silage was fed at the rate of 3 lb. for each 100 lb. of body weight. 
Grain was fed at the rate of 1 lb. for each 3 lb. of 4 per cent fat-corrected milk 
produced daily. The amount of silage and grain fed was adjusted weekly ac- 


TABLE 2 
Analyses of feeds on a moisture basis as fed 
Alfalf h 

Silage> Graine Dehy 

(%) (%) (%) (%) 
eT 14.0 3.8 16.8 14.7 
8.3 3.4 5.5 6.5 
34.7 13.1 9.3 21.4 
Nitrogen free extract 32.9 13.1 55.6 44.4 
91.5 34.5 90.8 90.8 
Total digestible mutriemts 49.1e 20.3¢ 71.3¢ 66.8¢ 


® Av. of 8 samples 

b Av. of 6 samples. 

¢ Av. of 2 samples. 

4 Av. of 4 samples. 

¢ Determined by digestion trial using 3 sheep. 
f Calculated using Morrison’s tables. (8) 


cording to body weight changes and milk production. Hay was fed ad libitum. 
Dehydrated grass legume (hereafter referred to as dehydrated grass) was used 
to replace grain at three different levels. The four rations fed were as follows: 
(a) control—no grain replacement; (b) 15 per cent of grain replaced with de- 
hydrated grass; (c) 30 per cent of grain replaced with dehydrated grass; (d) 
45 per cent of grain replaced with dehydrated grass. These were straight 


TABLE 3 

Design of the experiment 
July 10- Aug. 28- Oct. 16- Dec. 4—- 
Aug. 21 Oct. 9 Nov. 27 Jan. 15 

Ration 
Period Period Period Period 
1 2 3 4 

Control Group 1 Group 4 Group 3 Group 2 
15% of grain replaced ........... Group 2 Group 1 Group 4 Group 3 
30% of grain replaced .......... Group 3 Group 2 Group 1 Group 4 
45% of grain replaced .......... Group 4 Group 3 Group 2 Group 1 


weight replacements. The cows were housed in a conventional tie-stall barn 
and were allowed approximately 2.5 hr. exercise per day in a paved yard. The 
mangers were equipped with metal partitions so that the feed intake of each 
cow was recorded accurately. All refused feed was collected and weighed. 
Composite samples of weighbacks for each cow were accumulated over each ex- 


perimental period and analyzed. 
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As shown in table 3, the feeding trial was divided into four 6-wk. periods 
with a 1-wk. transition period between each change-over. The experiment ran 
a total of 28 wk. from July 3, 1948, to January 15, 1949. All cows were milked 
three times daily at regular 8-hr. intervals. Grain, dehydrated grass and hay 
were fed three times daily and silage twice daily. Feed analyses were made ac- 
cording to procedures outlined by the Association of Official Agricultural Chem- 
ists, sixth edition (1). 

Feed consumption in terms of total digestible nutrients was calculated for 
each cow by weeks, using the results of digestion trials for the alfalfa hay and 
dehydrated grass and using digestion coefficients listed in Morrison’s tables (8) 
for the grain and silage. Since moisture in weighbacks varied from cow to cow, 
it was necessary to take one sample per cow per period and determine the dif- 
ference in weight of the sample at collection time as compared with the weight 
when the sample was allowed to air dry. The weighbacks for each cow were 
corrected accordingly. The total digestible nutrients then were calculated from 
an assumed ration of two-thirds hay and one-third silage, using Morrison’s (8) 
digestion coefficients for hay and silage as applied to the chemical analyses as 
determined. Statistical analyses were made essentially as outlined in Snededor 
(10). 

The average chemical analyses and standard errors of weighbacks by rations 
are shown in table 4. There were no appreciable differences in average analyses 


TABLE 4 


Average chemical analyses and standard error of weighbacks, by rations on a 
moisture per sample basis 


Rations 


Amount of grain replaced with dehydrated grass 


0% 15%> 30%a 
(%) (%) (%) (%) 
Dry matter 92.7 + 0.48 93.2 + 0.36 93.3 + 0.32 91.4+0.30 — 
Crude protein 10.5 + 0.31 10.5 + 0.34 10.7 + 0.88 12.0 + 0.37 
Ether extract 1.7+0.10 1.6 + 0.06 1.6 + 0.07 1.7 + 0.09 
Ash 8.2 +0.19 8.0 + 0.19 8.0 + 0.20 8.0 + 0.70 
Crude fiber 40.9 + 1.24 41.1 + 1.82 40.9 + 0.66 39.5 + 0.87 
Nitrogen free extract 31.5 + 0.43 32.2 + 0.37 32.1 + 0.53 32.9 + 0.48 
Estimated total digestible 
nutrients 50.1 + 0.42 50.6 + 0.25 50.6 + 0.33 50.8 + 0.27 
220 analyses 
analyses 


of weighbacks between groups, with the exception that crude protein was ap- 
proximately 1.5 per cent higher in the weighbacks of cows on the 45 per cent 
ration. Since weighbacks were mostly all hay and some silage, the signifi- 
eance of this difference is not understood. Using these average analyses shown 
in table 4, the total digestible nutrient intake by cows by weeks was calculated. 
This was compared with maximum requirements for weight and production as 
outlined in Morrison’s tables (8). The results of this study are shown in 
table 5. The cows, when fed the control ration, gained an average of 25.7 lb. 
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per 6-wk. period, as compared with 16.8, 18.6 and 8.5 lb. when they had 15, 30 
and 45 per cent of their grain replaced with dehydrated grass, respectively. 
These differences in body weight gains between rations were significant as shown 
by the analysis of variance. The mean gain per week for the control was sig- 
nificantly higher than the mean gain for the 45 per cent ration. The other mean 
differences were not significant. The analysis of variance further revealed a 


TABLE 5 


Milk produced, changes in body weight, total digestible nutrients consumed, maximum 
requirements (Morrison, 8) and amount consumed over maximum requirements 


Rations 


Amount of grain replaced with dehydrated grass 


0% 15%» 45%>d 
(1b.) (1b.) ‘(1b.) (1b.) 
Total digestible nutrients consumed 
169.5 165.1 164.7 164.9 
Maximum requirements 
147.1 142.6 143.0 143.2 
In excess of maximum requirements 
22.4+1.15 22.5 +1.12 21.7 + 1.25 21.6 + 1.45 
Gains in body weight 
Total 
Group le 195.0 116.5 45.5 11.0 
Group 2 82.5 124.04 93.5 25.5 
Group 3 13.0 91.0 144.0 47.0 
Group 4 223.0 12.5 88.5 120.54 
Total 513.5 319.0 371.5 182.0 
Av./cow/period 25.7 + 5.2 16.8 + 5.3 18.6 + 2.9 8.5+5.7 
Av./cow/week 4.3 2.8 3.1 1.6 
4% fat-corrected milk produced 
Total 
Group le 8927.4 8739.8 7225.2 5896.5 
Group 2 5888.1 6155.54 8044.3 6733.2 
Group 3 7372.4 6228.2 8588.8 8474.5 
Group 4 8743.1 7196.6 5824.6 7379.94 
Total 30931.0 28320.1 29682.9 28484.1 
Av./cow/week 257.8 248.4 247.4 249.9 
220 cows 
b19 cows 
¢5 cows/group except where noted 
44 cows 


highly significant difference between periods of the trial. The winter of 1948-49 
was extremely rigorous during November, December and January. The cows 
consumed more total digestible nutrients over maximum requirements and 
gained less during the periods beginning October 16 and December 4 than was the 
case with the first two periods. Since during this experiment there was a group 
of cows on each ration each period, this observed difference hardly can be as- 
scribed to the rations. As further shown in table 5, the cows, when fed the 45 
per cent grain replacement ration, varied more in weight gains per cow, as evi- 
denced by a comparison of the standard errors. The coefficients of variability 
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were found to be 90.4, 139.4, 171.0 and 289.6 per cent for the control 15, 30 and 
45 per cent rations, respectively. All of these coefficients of variability are high, 
but period differences attributed to thermal changes also enter in, as was shown 
earlier from the analysis of variance. A comparison of weight gains with intake 
of total digestible nutrients above minimum requirements showed negative cor- 
relations of —0.254, —0.367, -0.183 and —0.315 for the control 15, 30 and 45 per 
cent rations, respectively. These correlations are unusual, but true evaluation 
of thermal stress is yet to be determined. It is known that animals show in- 
creased appetite during cold weather, increased thyroxin output and possibly 
other physiological adaptations, as outlined by Lee and Phillips (7). The least 
weight gain and the greatest feed intake over minimum requirements occurred 
during the October 16 to December 4 period, which coincides with the rather 
sudden change in thermal conditions which occurred during the fall of 1948. 

The production of 4 per cent fat-corrected milk also is shown in table 5 by 
groups and by rations. Cows on the control ration produced an average of 36.8 
lb. of 4 per cent fat-corrected milk daily, as compared wtih 35.5, 35.3 and 35.7 
lb. for the 15, 30 and 45 per cent rations, respectively. The superiority of the 
control ration for milk production, as compared with the other rations, was 
further shown by analysis of variance to be statistically significant. The low- 
ered production obtained from the cows receiving dehydrated grass cannot be 
attributed to the consumption of insufficient total digestible nutrients, since the 
average daily consumption for these groups was from 3.1 to 3.2 lb. higher than 
Morrison’s (8) maximum standards, as compared with 3.2 lb. daily excess for 
the cows when on the control ration. 

While the total digestible nutrient value of the dehydrated grass is relatively 
high, thus causing little difference in total digestible nutrient consumption 
whether on the control, 15, 30 or 45 per cent rations, the crude fiber content of 
this material was 21.4 per cent, compared with 9.3 for grain. The heat incre- 
ment necessary to digest the dehydrated grass must be proportionately greater 
than that of the concentrate mix, thus lowering the amount of energy available 
for productive purposes, 1.e., milk production and deposition of body fat. 

Furthermore, the crude fiber content of the grain ration was increased notice- 
ably when dehydrated grass replaced part of the grain. The crude fiber content 
of the grain ration was 9.3 per cent, as compared with 11.1, 12.9 and 14.8 per 
cent when 15, 30 and 45 per cent, respectively, of the grain ration was replaced 
by dehydrated grass. This additional crude fiber may have served to depress 
somewhat the digestibility of other ration constituents, as indicated by Swift 
et al. (11). 

The reduced net energy and increased crude fiber concepts do not seem to 
explain why there was little difference in the production of 4 per cent fat-cor- 
rected milk between the three groups which had a portion of their grain re- 
placed with dehydrated grass, regardless of whether the replacement was a 15, 
30 or 45 per cent level. However, as previously pointed out, the cows on the 45 
per cent ration gained less. Furthermore, average daily hay consumption varied 
little regardless of ration, since cows while on the control ration consumed 16.6 
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lb. of hay daily, as compared with 16.5 lb. for each of the grain replacement 
rations. 

The physical state of the dehydrated grass was undesirable and may be a 
contributing factor.. Several cows showed impaired rumination when 30 per cent 
of their grain was replaced with dehydrated grass. Three cows were treated for 
rumen atony while on the 45 per cent ration. Also, additional trouble was 
experienced from anorexia in varying degrees of severity. These troubles were 
not evident when these same cows were on the control and 15 per cent rations. 
These observations are in agreement with those of Cole and Mead (3) and Wat- 
son and Ferguson (14). Of course, cows off feed lost weight and dropped off 
sharply in milk production. Upon recovery, milk flow increased again, but 
seldom to levels observed prior to digestive disturbances. The rate of lactation 
decline was least when the cows were on the control ration and greatest when 
45 per cent of the grain ration was replaced with dehydrated grass. These dif- 
ferences are clearly shown in figure 1. While the rate of lactation decline in- 
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Fie. 1. Average lactation decline by rations for 6-wk. experimental periods. 


ereased during the fourth, fifth and sixth weeks for the 30 per cent and 45 per 
cent rations, as compared with the controls, this rate only approached signifi- 
eance (t.05 = + 17.58 lb.; mean difference between 30 per cent ration and con- 
trol was 16.0 lb.). 

The amount of total digestible nutrients required for maintenance and the 
production of 100 lb. of 4 per cent fat-corrected milk was 59.9, 62.5, 62.2 and 
63.7 lb. for the control, 15 per cent, 30 per cent and 45 per cent rations, respec- 
tively. These calculations were made by deducting 3.53 lb. of total digestible 
nutrients per pound of body gain according to data reported by Knott (6). 
This does not take in account those instances where cows lost weight during a 
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portion of, and in some cases during all of, an experimental period. Tech- 
nically this might alter the results shown above, but it is not considered good 
dairy cattle management to have cows in mid-lactation lose weight. For prac- 
tical purposes, the above levels of efficiency would be of importance. Direct 
comparison of this experiment with other published experiments is not feasible, 
since the dehydrated grass was a high quality commercial product lower in pro- 
tein and showed less total digestible nutrients (66.8 per cent digestible) than 
the materials used in earlier experiments (2, 5, 9, 12, 14). Furthermore, the 
experimental periods in this trial were 6 wk. in length as compared with 2 wk. 
for Watson (12) and Knott et al. (5), 5 wk. for Watson and Ferguson (14) 
and 3 wk. for Camburn (2). Newlander (9) replaced all the concentrates with 
dehydrated grass for 6 wk. and observed a 9.9 per cent decline in milk yield as 
compared with controls. The average production of cows in this experiment was 
slightly greater than 35 lb. of 4 per cent fat-corrected milk for the entire 28 wk. 
experimental period. Several cows were milking in excess of 60 Ib. of 4 per cent 
fat-corrected milk at the start of the experiment. 


SUMMARY 


Twenty high producing dairy cows were divided into four experimental 
groups consisting of three Holsteins, one Jersey and one Guernsey per group. 
Three rates of grain replacement (15, 30 and 45 per cent) with a commercially 
dehydrated grass-legume mixture were studied a total of 28 wk., using 6-wk. 
experimental periods and 1 wk. for transition for each group of cows for each 
ration. The following results were observed: 

(a) Cows, when fed the control ration, gained an average of 25.7 lb. in body 
weight per cow per period, as compared with 16.8, 18.6 and 8.5 lb. when they had 
15, 30 and 45 per cent, respectively, of their grain replaced with dehydrated 
grass. 

(b) A digestion trial with three sheep showed that the commercially dehy- 
drated material used contained 66.8 per cent total digestible nutrients on an 
air-dry basis. 

(ec) Cows fed the control ration produced an average of 36.8 lb. of 4 per 
cent fat-corrected milk daily, compared with 35.5, 35.3 and 35.7 lb. when they 
had 15, 30 and 45 per cent of their ration replaced with dehydrated grass, re- 
spectively. This difference in production in favor of the control ration was 
statistically significant. 

(d) The finely ground physical state of the dehydrated grass-legume mix- 
ture was undesirable, since cows having 30 and 45 per cent of their grain re- 
placed showed varying degrees of rumen atony and anorexia. This condition 
was not observed when the cows were on the control and 15 per cent rations. 

(e) Cows receiving no dehydrated grass required less total digestible nu- 
trients for maintenance and production of 100 lb. of 4 per cent fat-corrected 
milk than when they received dehydrated grass. 

(f) The rate of decline in milk yield was less rapid when the cows were fed 
the control ration, but these mean differences only approached significance. 
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THE EFFECT OF VITAMIN A FROM PRENATAL STORAGE AND FROM 
INGESTION OF COLOSTRUM ON THE NEONATAL CALF" 
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C. I, BLISS anp A. A. SPIELMAN 
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The effect of prenatal nutrition on the subsequent performance of the new- 
born recently has received considerable attention. Both the prenatal storage 
and colostral content of vitamin A can be increased in the ruminant by dietary 
means (10, 13, 16, 18, 20, 21). These two sources of vitamin A have been dem- 
onstrated in independent work to be available to the neonatal calf (4, 7). In 
combination, they have been held to be responsible for increases in the levels of 
plasma vitamin A of neonatal calves and lambs and in superior performance of 
neonatal Holstein calves, as indicated by greater weight gains and lower inci- 
dence of scours (3,17). With one exception, Fountaine et al. (10), the increases 
followed the prepartum feeding of supplementary vitamin A per se. The num- 
ber of days of feeding the prepartum supplement has varied widely among 
workers and in experiments by the same worker. The relative contributions of 
vitamin A to the neonatal calf from prenatal storage and from colostrum were 
not determined. 

Since vitamin A is relatively expensive (the feeding of one million units 
daily for 30 days prepartum would cost approximately three dollars per cow at 
present prices), experiments are needed to determine the minimum level and 
the best feeding schedule for prepartum supplements of vitamin A. However, 
to establish the optimum performance of the neonatal calf, information is needed 
as to the relative contribution of vitamin A from prenatal storage and from 
colostrum. This was the objective of the present study, which has been based 
upon measurements of total blood hemoglobin, carotene and vitamin A in the 
plasma and liver, whole blood and plasma ascorbic acid, liveweight, fecal pH 
and dry matter and incidence and duration of scours. 


EXPERIMENTAL 


Animals. Twenty-eight cows of the Ayrshire, Guernsey, Holstein and Jersey 
breeds which had calved in the University of Connecticut herd from November, 
1948, through May, 1949, were used in the experiment. One half of these cows 
received a basal ration for 8 wk. prior to the calculated parturition date, and 
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the other half received the same basal ration plus one million U.S.P. units of 
vitamin A daily for 30 days prior to the calculated parturition date. The levels 
of feeding and the composition of the feeds and supplementary vitamin A* are 
essentially as described previously (5). 

The calves born to these cows were not allowed to nurse but were removed 
to individual pens in the calf barn. There they received colostrum from frozen 
pooled colostrum banks. The allotment of calves to dietary groups was as fol- 
lows: 


Colostrum 
Dams From From 
Basal dams basal + vitamin A dams 
Group I Group II 
Basal + vitamin A dams ......... Group III Group IV 


Four separate colostrum banks of basal colostrum and a similar number of 
basal plus vitamin A colostrum were used and represented the first two milkings 
after parturition. The first bank was from cows fed rations identical to those in 
this experiment and was made up immediately prior to the birth of the first calf 
on this experiment. The second and following banks were made up from cows 
on the experiment, as the prospective need for additional colostrum became evi- 
dent, in order to have a supply of colostrum on hand at all times. In the basal 
colostrum banks, the carotene averaged 278 y per cent, ranging from 249 to 309 y 
per cent, and the vitamin A, 273 y per cent with a range of 166 to 347 y per 
eent. Similar values for the basal plus vitamin A banks were carotene, 216 y 
per cent with a range of 174 to 309 and vitamin A 706 y per cent with a range of 
491 to 1217. 

The newborn calves received four feedings of colostrum in the first 2 days at 
the rate per feeding of 3.75 lb. to Ayrshires and Holsteins and 3 lb. to Guernseys 
and Jerseys. They then were fed herd milk, starter and U. S. no. 2 clover-tim- 
othy mixed hay according to the Cornell drycalf starter method (19).. Both 
colostrum and milk were fed in nipple pails. Water was allowed ad lib. after 
the first week. The temperature in the calf barn was maintained at a minimum 
of 16° C. by radiant heat from the ceiling. 

Samples, observations and analyses. Venous blood samples were collected 
immediately after birth, before the second, third, fifth, seventh and tenth feed- 
ings of colostrum or herd milk and at 7, 10, 14, 21 and 28 days of age. Total 
hemoglobin, plasma carotene and vitamin A, and whole blood and plasma as- 
corbic acid were determined with an Evelyn photoelectric macro-colorimeter by 
the methods of Evelyn and Malloy (8), Kimble (12), and Roe and Kuether (14), 
respectively. Calves were weighed at birth and at 4-day intervals thereafter to 
28 days of age. Daily fecal samples were obtained until the calf was 15 days 
of age and, in addition, at 18, 21 and 28 days, by rotating a clinical thermometer 


3 The vitamin A supplement, shark liver oil containing 25 per cent by weight of crude soy- 
bean lecithin, was generously supplied by the Nopeo Chemical Co., Harrison, N. J. © 
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in the anus of the calf. Fecal pH was determined by the method of Shoskes 
(15) and dry matter by oven-drying at 100° C. for 24 hr. Four calves each 
from groups I and III, three from group IV and two from group II were 
slaughtered at the end of the 28-day experimental period and liver carotene and 
vitamin A determined by the method of Davies (1). 

Standard statistical procedures as outlined by Davies (2) and Fisher and 
Yates (9) were used to test for differences between treatments. In addition, the 
liveweight data were analyzed according to the methods proposed by Wishart 
(23). 


RESULTS AND DISCUSSION 


Hemoglobin. Total hemoglobin did not vary significantly between treat- 
ments, but decreased with age. Since this trend was in accord with the report 
of Wise et al. (22), the data need not be cited. 
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Fig. 1. The effect of vitamin A from prenatal storage and from ingestion of colostrum 
on the blood plasma levels of carotene and vitamin A in the young calf. 


Carotene and vitamin A. The levels of plasma carotene (fig. 1) were not 
affected significantly by treatment. The vitamin A content of the plasma col- 
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lected for the first 5 days after birth was significantly higher (P < 0.001) in 
both groups of calves fed colostrum from dams receiving prepartum supplements 
of vitamin A. In later samples from the 7th to the 28th day the difference was 
in the same direction, though not significant. The plasma level of vitamin A at 
birth was significantly higher (P < 0.01) in calves from dams fed prepartum 
supplements of vitamin A than that in calves from dams on the basal ration 
alone. 

The liver storage of carotene at 28 days of age (fig. 2) was decreased, but 
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Fig. 2. The effect of vitamin A from prenatal storage and from ingestion of colostrum 
on the geometric mean content of carotene and vitamin A in the liver of calves at 28 d. of age. 


not significantly, by the feeding of colostrum from dams receiving prepartum 
supplements of vitamin A, but practically unaffected by prenatal storage. The 
liver storage of vitamin A at 28 days of age was increased markedly (P < 0.01 
per gram of liver and P < 0.05 for total liver storage) by the feeding of colos- 
trum from dams fed the supplementary vitamin A. Although the additive in- 
fluence of prenatal storage on the vitamin A content of the liver was not of 
statistical significance, an analysis of the liver stores at 28 days in the two groups 
of calves receiving the basal colostrum showed a nearly significant increase due 
to the influence of the prepartal supplements of vitamin A. Prepartum supple- 
ments of vitamin A increased the level of vitamin A in the neonatal calf, pri- 
marily through the colostrum. High levels of vitamin A possibly may be pro- 
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duced by feeding vitamin A for shorter periods than was the case in this work 
or in similar studies as reviewed by Parrish et al. (13). 

Ascorbic acid. Neither whole blood nor plasma ascorbic acid (fig. 3) was 
affected significantly by treatment. The ascorbic acid levels decreased mark- 
edly immediately after birth and then continued to fall at a slower rate. These 
results are essentially in agreement with those of Hibbs and Krauss (11), both 
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Fig. 3. The effect of vitamin A from prenatal storage and from ingestion of colostrum 
on the whole blood and plasma ascorbic acid levels in the young calf. 


in trend and in the lack of correlation between the plasma and liver level of 
vitamin A and plasma ascorbic acid in the neonatal dairy calf. 

An analysis of all observations for whole blood ascorbic acid and for plasma 
ascorbic acid showed significant differences (P < 0.001) between calves and be- 
tween ages; however, the level of significance for the plasma ascorbic acid, as 
indicated by the F-value, was greater than that for whole blood. In contrast, 
calculated cellular ascorbic acid, uncorrected for cellular volume, did not show 
significant differences between calves and gave a lower level of significance 
(P < 0.01) between ages. Therefore, plasma ascorbic acid is a more sensitive 
criterion of the ascorbic acid level of blood because of the relative stable cellular 
ascorbic acid content. 
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LTiveweight. An analysis of the changes in liveweight (fig. 4), in terms of 
either total gain or rate of increase (23), with or without adjustment for weight 
at birth, revealed no significant differences between treatments. Since the num- 
ber of calves was small and represented four breeds, one could expect only wide 
differences to be detectable. 

Fecal pH and dry matter and incidence of scours. Neither fecal pH nor 
fecal dry matter (fig. 5) showed a significant difference between treatments, but 
both varied with increasing age. The cause of these changes has yet to be de- 
termined. 
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Fie. 4. The effect of vitamin A from prenatal storage and from ingestion of colostrum 
on the liveweight changes in the young dairy calf. 


Five cases of relatively mild scours were observed, but, contrary to expecta- 
tion, they were accompanied by no appreciable change in the content of fecal 
dry matter or pH. No group had more than two cases and none showed any re- 


lation to vitamin A treatment. 
SUMMARY 


The effect of vitamin A from prenatal storage and from ingestion of colos- 
trum was studied from birth to 28 days of age in 28 dairy calves. One half of 
these calves were from dams receiving only a basal ration and one half were 
from dams receiving the same basal ration plus one million U.S.P. units of vita- 
min A daily for 30 days prior to the caleulated date of parturition. At birth the 
ealves from each of the maternal dietary groupings were subdivided into two 
groups, one receiving colostrum from dams fed only the basal ration and the 
other receiving colostrum from dams fed the basal ration plus the supplementary 


vitamin A. 
The data indicate that colostrum significantly increased the plasma vitamin 
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A from birth to 5 days of age and liver vitamin A at 28 days of age. Pre- 
natal storage elevated the blood plasma vitamin A level at birth significantly 
and contributed to greater liver storage of vitamin A at 28 days of age. The 
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Fie. 5. The effect of vitamin A from prenatal storage and from ingestion of colostrum 
on the feeal pH and dry matter in the young dairy calf. 


other criteria measured, hemoblobin, whole blood and plasma ascorbic acid, 
liveweight, fecal pH and dry matter and incidence of scours, were not affected 
significantly by treatment. 
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STUDIES OF HEATED MILK. I. FORMATION OF 
5-HYDROXYMETHYL-2-FURFURAL!’ 


STUART PATTON 
Department of Dairy Husbandry, Pennsylvania Agricultural Experiment Station, 
State College, Pa. 


Some recent research has focused interest on furan compounds and their pos- 
sible relation to the so-called browning reaction. Singh et al. (7) have shown 
that the darkening of sugar solutions is related to the formation of hydroxy- 
methylfurfural and levulinic acid. Patton and Josephson (5) have isolated fur- 
furyl alcohol from skim milk which had undergone browning as a result of heat 
treatment. The compound maltol, an isomer of hydroxymethylfurfural, also 
has been isolated from heated skim milk (4). The importance of furan com- 
pounds has been firmly established in the browning of apricot concentrates (1). 

Fundamental investigations of the browning reaction by Wolfrom et al. (8) 
have revealed that hydroxymethylfurfural is formed by heating aqueous systems 
of glucose and glycine. These workers also report that hydroxymethylfurfural, 
in sufficient concentration, forms deeply colored products with glycine and at a 
high rate of speed. 

It is well known that certain dairy products undergo browning rather readily 
as a result of heat treatment, storage at conducive temperatures or both. Of the 
various milk constituents, lactose and casein are known to be intimately con- 
cerned in the color change (2). 

These interesting observations from the literature have suggested the possi- 
bility that hydroxymethylfurfural may be a concomitant of browning in heated 
milk. The present paper reports a fundamental study of this point. 


EXPERIMENTAL 


Preparation of pure hydroxymethylfurfural. In order to obtain known de- 
rivatives of hydroxymethylfurfural, the pure compound was prepared by the 
method of Middendorp (3) with slight modifications. Sucrose (200 g.) and 
oxalic acid hydrate (1.4 g.) were dissolved in 600 ml. of water. The solution 
was heated in an autoclave at 127° C. for 2.5 hr. After cooling to room tem- 
perature, the reaction mixture was neutralized with CaCO; and then gently 
agitated with 10 g. basic lead acetate for 1 hr. Suspended material was re- 
moved from the mixture by centrifuging. The clear supernatant containing the 
hydroxymethylfurfural was extracted with ethyl acetate for 10 hr. in a con- 
tinuous extraction unit. The ethyl acetate extract was dried, the solvent removed 
and the crude hydroxymethylfurfural purified by distillation under high 
vacuum ; yield 14 g. m.p. 32-33° C. 

Received for publication Jan. 30, 1950. 

1 Authorized for publication as paper no. 1576, on January 19, 1950 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. 


324 


5-HYDROXY METH YL-2-FURFURAL 325 


The following derivatives, with melting points as indicated, were prepared 
from the purified hydroxymethylfurfural : semi-carbazone (194-195° C.), phenyl- 
hydrazone (140-141° C.) and 5-hydroxymethyl-2-furoic acid (165-166° C.). 
The melting points of these derivatives were in accordance with values reported 
for them in the literature (6). 

The interaction of lactose and glycine. In view of the findings by Wolfrom 
et al. (8) that hydroxymethylfurfural is formed by the heating of aqueous glu- 
cose-glycine systems, it was considered of interest to study the character of this 
reaction as applied to lactose. Glycine, having amino and carboxyl groups, 
should present a simplified version of similar reactive groupings in a protein 
particle. 

B-Lactose (C.P., 150 g.) and glycine (30 g.) were dissolved in 820 ml. of 
water. This solution (pH 7.0) was autoclaved for 2.5 hr. at 127° C., after 
which it was cooled to room temperature, neutralized with a 10 per cent suspen- 
sion of Ca(OH), and centrifuged. The clear, dark-brown supernatant was ex- 
tracted with ether for 24 hr. in a continuous extraction unit. The ether extract 
was dried and, after evaporation of the solvent, a small quantity (0.4 g.) of 
light brown oil remained. This oil, upon distillation under high vacuum (< 0.5 
mm.), proved to be fairly pure hydroxymethylfurfural. The distillate solidified 
readily in the cold and, on subsequent warming, melted at 32-33° C. It hada 
bitter, acrid taste and gave an intense purple color in the Molisch test. The 
semicarbazone and phenylhydrazone derivatives were prepared readily from it 
and found to melt at 194-195° and 140-141° C., respectively. These deriva- 
tives showed no melting point cepenanion on admixture with authentic samples 
of like melting point. 

A similar experiment, in which the only variation was to increase the time of 
autoclaving to 5 hr.,yielded 1.28 g. of crude hydroxymethylfurfural. Small quan- 
tities of maltol were formed in these lactose-glycine systems (4), but no furfuryl 
alcohol could be detected. 

Carbohydrate-casein systems. With the formation of hydroxymethylfurfural 
in heated lactose-glycine systems established, it was decided to ascertain the ef- 
fect of replacing glycine with casein on this reaction. A sodium caseinate sol 
was prepared as follows: Raw skim milk was coagulated by the addition of 
1N HCl. After the curd had settled, the whey was drained and the curd then 
washed four times, under gentle agitation, with volumes of water equivalent to 
the whey removed. Resuspension of the acid casein was accomplished by taking 
it up in water, adjusting the pH to 6.7 with N/3 NaOH and agitating the sol 
for several hours at 20-25° C. The few gross particles remaining were removed 
by filtration of the sol through fine filter cloth. The total solids content of the 
sol was determined to be 6.65 per cent. 

Lactose (150 g.) was dissolved in 850 ml. of the casein sol and the mixture 
autoclaved for 2.5 hr. at 127° C. This mixture, following autoclaving, was neu- 
tralized, clarified and extracted in the same fashion as the lactose-glycine system 
except that the heat-coagulated casein curd was pressed in an hydraulic press 
to obtain the maximum amount of ‘‘whey’’ for ether extraction. An extract 
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residue of 0.56 g. was obtained after removal of solvent. Vacuum distillation of 
this residue produced three fractions, the principle constituents of which were 
270 mg. of furfuryl alcohol, 70 mg. of maltol (by sublimation), and 160 mg. of 
hydroxymethylfurfural. 

The identification of furfuryl alcohol and maltol was accomplished by a study 
of their physical and chemical properties, the preparation of suitable derivatives 
and the performance ef appropriate melting and mixed melting point determina- 
tions. These procedures have been described previously in detail (4, 5) and 
were attended meticulously in all experiments reported in this paper. Hydroxy- 
methylfurfural was identified in the manner described for this compound from 
the lactose-glycine system. This method also was used in subsequent experi- 
ments reported herein. 

Two additional systems were prepared with the casein sol. In these, lactose 
was replaced with equal weights of D-glucose and p-galactose (both C.P.). 
Autoclaving, refining, extraction, ete. of these systems were the same as for that 
of lactose. No detectable quantities of either furfuryl alcohol or maltol were 
found in the extract residues obtained in these experiments. The crude resi- 
dues yielded 0.62 g. of hydroxymethylfurfural for the galactose system and 0.61 
g. for that of glucose. These three experiments concerning lactose, glucose and 
galactose were repeated utilizing a 7.5 per cent aqueous suspension of commer- 
cial casein (Arthur H. Thomas Co.) in place of the casein sol. The results were 
very similar in all respects to those obtained when the casein sol was employed. 

Heated skim milk. In these experiments, condensed skim milk (30 per cent 
total solids) was used. The use of this product appeared to have several advan- 
tages over using plain skim milk. The reactants in the condensed skim milk 
are more concentrated, thus less milk need be handled. Further, it was found 
that better yields of the end-products are obtained when condensed skim milk is 
used, although qualitative tests showed that the same compounds are produced 
by heating plain skim milk. The use of whole milk was avoided, since milk 
fat would have complicated the extraction and purification procedures consid- 
erably. It seems unlikely that the presence of milk fat would have had any 
great bearing on the matter under investigation. 

Several very similar experiments were conducted, of which the following is 
representative. Six liters of condensed skim milk were autoclaved for 2.5 hr. 
at 127° C. and then cooled to room temperature. The whey (3600 ml.), obtained 
by decantation from and expression of the heat coagulated curd, was neutralized, 
centrifuged and extracted with ether as described for the simplified systems. 
The solvent was evaporated, the final trace under vacuum, and the extract resi- 
due (3.0 g.) washed with two 15-ml. portions of petroleum ether to remove lipid 
material (0.50 g.). The residue was distilled under high vacuum and the fol- 
lowing fractions obtained: Low boiling, unidentified, 0.37 g.; furfuryl alcohol, 
1.25 g.; maltol (by sublimation), 0.42 g.; hydroxymethylfurfural, 0.11 g.; non- 
distilling residue, 0.20 g. 

The rather disproportionately large amounts of non-distilling residue ob- 
tained in the skim milk extraction experiments as compared with those of the 
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simplified system created a problem. It appeared that weakly acidic substances 
in the residue were promoting polymerization which slightly reduced the yield 
and purity of the hydroxymethylfurfural fraction. However, the semicar- 
bazone and phenylhydrazone derivatives were satisfactorily prepared from it and 
the chemical and physical properties of the fraction were found to be in good 
agreement with those of hydroxymethylfurfural. 

Control experiments. One liter of aqueous, 15 per cent lactose solution was 
autoclaved at 127° C. for 2.5 hr. As a result of autoclaving, this solution 
showed little discoloration, whereas, the reaction mixtures, from which hydroxy- 
methylfurfural was isolated, all were appreciably darkened in color by auto- 
elaving. No measurable quantity of hydroxymethylfurfural could be recovered 
by ether extraction of the heated lactose solution. 

The ether extraction procedure for recovering hydroxymethylfurfural from 
aqueous systems was found to be effective. Three grams of hydroxymethyl- 
furfural, dissolved in 2 1. of water, was 93 per cent recovered by continuous ex- 
traction with ether for 24 hr. 

DISCUSSION - 


Unfortunately, there are no suitable quantitative technics for measuring 
hydroxymethylfurfural or furfuryl alcohol in a complex system such as heated 
milk. Thus, it was necessary to limit the scope of these experiments to com- 
pound isolation. As a consequence, no great stress can be placed upon the quan- 
tities of compounds isolated, since very small yields were obtained and some 
losses during isolation were inevitable. Therefore, where quantitative data have 
been presented, the primary purpose was to show that the compounds were re- 
covered in some quantity in relatively pure form. 

These experiments have demonstrated that hydroxymethylfurfural is formed 
during prolonged heating of concentrated skim milk. The recovery of the com- 
pound from heated lactose-glycine and lactose-casein systems has inidicated that 
lactose is the origin. The results of the control experiment have shown that the 
conversion of lactose to small quantities of hydroxymethylfurfural is facilitated 
by the presence of glycine, casein or the heat degradation products of casein. 
Since it was observed that a pure lactose solution did not darken, whereas all the 
systems forming hydroxymethylfurfural browned readily, under the experimen- 
tal conditions, it would appear that hydroxymethylfurfural formation is asso- 
ciated with browning in these systems. It is interesting to note that cleavage 
of the £-linkage of lactose is implied in its conversion to hydroxymethylfurfural. 
The experiments with glucose and galactose revealed that either hexose portion 
of the lactose molecule could give rise to the compound. 

The compound which is recovered most readily and in highest yield from 
heated skim milk is furfuryl aleoho.. Patton and Josephson (5) have suggested 
that either lactose or ascorbic acid might serve as the origin of furfuryl alcohol 
in heated skim milk. These experiments effectively preclude ascorbic acid as a 
possible origin, since yields of furfuryl alcohol exceeding that theoretically pos- 
sible from ascorbic acid were obtained from heated skim milk. In addition, fur- 
furyl alcohol was recovered from a lactose-casein system containing no ascorbic 
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acid. The mechanism of furfuryl alcohol formation from lactose is presently 
under investigation and will be the subject of a subsequent paper. 


SUMMARY 


Hydroxymethylfurfural has been identified as one of the compounds formed 
during prolonged heat treatment of concentrated skim milk. From studies of 
simplified systems, it has been shown that this compound is formed from lactose. 
It further was demonstrated that either the glucose or galactose portion of the 
lactose molecule may serve as the origin of hydroxymethylfurfural. Glycine, 
easein or the heat degradation products of casein were found essential in the 
conversion of lactose to hydroxymethylfurfural. No measurable quantities of 
hydroxymethylfurfural were formed by heating lactose solutions alone under 
the experimental conditions employed. The formation of hydroxymethylfur- 
fural appeared to be directly associated with heat-induced browning in these 
experiments. 

In addition to hydroxymethylfurfural, furfuryl alcohol and maltol were 
formed during the heating of lactose-casein systems. Previous findings (4, 5) 
with regard to furfuryl alcohol and maltol formation in heated skim milk were 
confirmed. 
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PARTURIENT PARESIS. VI. SOME CHANGES IN THE URINARY EX- 
CRETION OF CERTAIN CONSTITUENTS AT PARTURITION AND 
THEIR POSSIBLE ASSOCIATION WITH CHANGES 
IN THE BLOOD PICTURE” * * 


T. H. BLOSSER 
Department of Dairy Husbandry, State College of Washington, Pullman 


AND 


VEARL R. SMITH 
Department of Dairy Husbandry, University of Wisconsin, Madison 


Since the time when Little and Wright (16) first showed a marked diminu- 
tion of blood calcium in cows with parturient paresis, many theories have been 
advanced to explain the blood changes which occur. Unfortunately, not many 
of the theories are supported by experimental evidence. 

It-is well known that certain hormones can alter the renal threshold for 
various blood constituents. For example, in hyperparathyroidism, according to 
Grollman (10), there is a lowered renal threshold for phosphorus. As a result, 
the blood phosphorus is lowered, and the urinary excretion of phosphorus is con- 
siderably increased. The parathyroids also exert some influence on the urinary 
excretion of calcium. 

Shorr et al. (22, 23) demonstrated that certain of the steroidal sex hormones 
influence the urinary excretion of calcium and citric acid. There was no ac- 
companying change in the blood composition. 

_ In the expulsion of the placenta at the time of parturition, the animal loses 
the source of considerable hormone production. Following this loss, there un- 
doubtedly is considerable interplay among the endocrine glands in readjusting 
to the changed conditions following parturition. It is not inconceivable that in 
this dynamic state of affairs the renal threshold for certain of the blood con- 
stituents might be altered or the urinary excretion changed by some other 
mechanism. 

In addition to the above possibility, it also is possible that some sort of kidney 
disfunction might occur in connection with milk fever. In humans, renal dis- 
function frequently is associated with diseases occurring during pregnancy and 
at parturition. In eclampsia, for example, the toxemia responsible for the con- 
vulsive state may arise as the result of an improperly functioning kidney (1). 

Several investigators (5, 8, 11, 12, 18, 18, 21) have studied the urine of nor- 
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mal and milk-fever cows from a qualitative standpoint. No one has reported 
quantitative studies made in connection with the urinary excretion of the sev- 
eral constituents known to be involved in milk fever. 

Since there is a paucity of information on some of the more basic changes 
which occur in milk fever and because of the possibility of kidney involvement, 
studies were initiated to determine quantitatively the urinary excretion of cer- 
tain substances whose blood level is known to change during the course of the 
disease. 

EXPERIMENTAL PROCEDURE 

Eight Jersey cows were used in the urinary excretion studies reported herein. 
Four of the cows were in the University of Wisconsin dairy herd and four were 
in the herd of the State College of Washington. 

All cows in this experiment were handled in a conventional manner at, and 
following, parturition. With one exception, cows developing milk fever were 
treated by the injection of calcium gluconate. Cow B63 was treated by the 
udder inflation method. 

Quantitative studies on urinary excretion necessitate collection of all urine 
excreted over a 24-hr. period. It soon was found that all urine could be col- 
lected with a minimum of labor by inducing micturition every 2 hr. according 
to the method developed by Turner (27). 

At the end of a collection day, the 24-hr. specimen was measured, and an 
aliquot was taken to be used for subsequent chemical analysis. The aliquot was 
acidified and stored under toluene. 

Attempts were made to collect 24-hr. urine specimens: 10 and 5 days pre- 
partum, and starting with the third day prepartum through parturition to the 
third day postpartum. Collections also were made 5 and 10 days postpartum. 
When cows with parturient paresis were treated by calcium therapy, no subse- 
quent collections were taken during the first 4 days postpartum, because of the 
confusing effect which calcium gluconate has on the urinary excretion picture. 

It is not possible to predict accurately the exact day of parturition. Conse- 
quently, the prepartum data do not always conform to the specific standards 
which were originally set, insofar as collection days are concerned. 

Blood samples were drawn daily from the external jugular vein at about the 
middle of the collection day. With the milk fever cows, blood samples were 


drawn immediately prior to treatment, even if a sample had been drawn only a 


few hours previous. 

The following methods were used in the analysis of blood: Blood serum cal- 
cium, method of Clark and Collip (4); blood serum magnesium, method of 
Simonsen et al. (24) ; blood plasma inorganic phosphorus, method of Fiske and 
Subbarow (9). 

Urinary constituents were analyzed by the following methods: Calcium, 
method of Morris et al. (19) ; magnesium, method of Briggs (3) ; inorganic phos- 
phorus, method of Tisdall (26). 

Both blood serum and urinary citric acid determinations were made by the 
method of Perlman et al. (20) in the studies made at the University of Wiscon- 


} 


331 


PARTURIENT PARESIS. VI 


 3290°0 699% OL9T 382° 8620 380°0 PT 
skeq 

LFF0'0 0660 002°0 1963 T6E'T 9020 6210 

L610°0 9920°0 ¥6z0°0 698° 9F9F TS8'T ST‘ 

8M00 SMOO 8MOO 8MO00 

(6) prow (6) (6) 


07 uanbasqns pup snowasd awry fo sporsad oywods sof fo uoyasona snoy-Fg 


6 
LLY 9¢°¢ 61°F Ot SOT CIT ue 
skeq 
wey} 


(% ‘6w) snioydsoyd 


(% ‘But) pry 


(% wnisouseyy 


(% 


07 puanbasqns pup snowed awy fo sporsad owads sof fo 81000) 


332 T. H. BLOSSER AND VEARL R. SMITH 


sin and by the method of Taussky and Shorr* (25) in studies made at the State 
College of Washington. The latter method was somewhat more sensitive and 
reproducible, but over-all results using the two methods were essentially the 
same. 


RESULTS AND DISCUSSION 


Of the eight Jersey cows which were studied, four developed definite symp- 
toms of parturient paresis and subsequently were treated for the disease. Two 
of the remaining four cows did not show symptoms of milk fever and can be con- 
sidered as having normal uncomplicated parturitions. The remaining two cows 
did not ‘“‘go down’’ with milk fever and were not treated, but they did appear 
slightly unsteady for a short period of time following parturition. The blood 
composition of these two cows paralleled much more closely the typical blood 
composition found in a milk-fever cow than that found in a normal cow at par- 
turition. Though the latter two cows cannot be considered as having milk 
fever, their blood composition was so much different from that of a normal cow 
that to include them in normal cow averages would confuse the data. There- 
fore, they are treated as a separate group and are referred to hereafter as ‘‘bor- 
derline’’ cows. 

Tables 1 and 2 present average values obtained of blood and urinary con- 
stituents of the three groups prior and subsequent to parturition. 

The blood picture at parturition. Levels of the various blood constituents 
which were studied in this experiment were about the same as those previously 
reported in the literature for cows at parturition (2, 6, 7, 14). 

_ The blood serum calcium dropped about 10 per cent (10 to 9 mg. per cent) 
in normally freshening cows and about 40 per cent (10 mg. per cent to 6 mg. per 
cent) in cows which developed milk fever. Blood calcium levels dropped almost 
as much in borderline cows as in milk-fever cows. 

The blood serum magnesium in cows freshening normally did not change 
from prepartal levels as a result of parturition. Both the milk-fever and the 
borderline cows exhibited a marked increase in serum magnesium levels on the 
day of parturition. These values rose to still higher levels 1 day postpartum, 
but by 4 days postpartum the values had returned to prepartal levels. 

The average drop in blood plasma inorganic phosphorus was to 4.44, 2.40 and 
2.06 mg. per cent at parturition in the normal, borderline and milk-fever cows, 
respectively. The magnitude of the drop was not greatly different in the three 
groups between 2 days before parturition and day of parturition, since the nor- 
mally freshening group had a considerably higher level of blood plasma phos- 
phorus 2 days before parturition than did either of the other groups. 

Levels of blood serum citric acid at calving followed the same pattern 
as that described by Blosser and Smith (2). There was a drop in the serum 
citric acid at parturition in all groups, but the milk-fever and borderline cows 
exhibited a greater drop than the normally-calving cows. 


4n-Heptane used in the citric acid analyses by the method of Taussky and Shorr (25) . 


was generously supplied by the Phillips Petroleum Co., Bartlesville, Oklahoma. 
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Excretion studies at parturition—urinary calcium. The 24-hr. urinary excre- 
tion of calcium did not seem to vary markedly in any of the three groups. No 
one group of the three consistently excreted excessively larger or smaller amounts 
of calcium via urinary channels than either of the other two groups. One of 
the cows, which subsequently developed milk fever, excreted in excess of 3 g. 
of calcium during the 24-hr. period on the tenth day prepartum. This was 
more than five times as much urinary calcium as was excreted by the same cow 
or any other cow, at any other time during the collection period, either pre- or 
postpartum. It is doubtful whether any significance should be attached to this 
variation, since it was shown by only one cow on 1 day. 

There was not an inverse relation between the urinary excretion of calcium 


_and the blood serum levels. The drop in blood serum calcium at parturition 


was not accompanied by an excessive excretion of this constituent via urinary 
channels. Thus an explanation for the dramatic drop in blood serum calcium 
which occurs in parturient paresis will have to be sought for elsewhere. 

Urinary magnesium. There were distinct differences in the prepartal urinary 
excretion of magnesium by the milk-fever and borderline cows on one hand,.and 
the normal cows on the other hand. There is not a sufficient amount of data to 
compare the three groups more than 5 days prepartum. 

The cows which subsequently developed milk fever excreted larger amounts 
of magnesium via the urinary route between 16 and 3 days prepartum than did 
any of the cows of either of the other groups at any time, either pre- or post- 
partum. Daily excretion of magnesium was especially high in the milk-fever 


cows studied between 15 and 8 days prepartum. The urinary excretion of mag- 


nesium was quite constant between 7 and 3 days prepartum, following which 
there was a considerable drop on the second day prepartum. There was a still 
further decline in magnesium excretion on the first day prepartum. The aver- 
age magnesium excretion was essentially the same on the day of parturition for 
the milk-fever, borderline and normal cows (milk fever, 1.611 g.; borderline, 
1.474 g.; normal, 1.820 g.). The borderline group followed essentially the same 
excretory pattern for urinary magnesium as did the milk fever group, except 
for the fact that their greatest decline came between 1 day prepartum and the 
day of parturition. 

The normally-freshening cows excreted magnesium at fairly constant levels 
prepartum, via the urinary route. Between 2 days prepartum and the day of 
parturition, however, there was a slight increase in urinary excretion of mag- 
nesium. This is in contradistinction to the definite decrease which occurred in 
both the milk-fever and borderline cows during the same time. 

There was a close parallel between the normal and borderline groups for the 
first 2 days postpartum. Both groups showed an increased urinary excretion 
of magnesium during this time. However, on and following the third day post- 
partum, while the normal groups continued to excrete 3 g. daily of magnesium, 
in the borderline cows the magnesium excretion again dropped, and, on the 
fifth and tenth day postpartum, more closely paralleled magnesium excretion in 
the cows which had had milk fever than the normal cows. Thus, the magnesium 
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excretion in both the milk-fever and in the borderline cows was substantially 
less than in the normal cows on the fifth and tenth days postpartum. 

If an inverse relation existed between urinary excretion and the blood levels 
of any of the constituents studied in this trial, magnesium was that constituent. 
However, the days on which the major changes occurred in each are not coinci- 
dent. The greatest drop in urinary magnesium excretion in the milk fever cows 
occurred between the third and first days prepartum, but the greatest increase 
in blood serum magnesium occurred between 1 day prepartum and 1 day post- 
partum. Furthermore, the decline in serum magnesium levels to normal, fol- 
lowing parturition, was not accompanied by a substantial increase in urinary 
* exeretion of magnesium. In addition, while the serum magnesium levels re- 
mained essentially unchanged in normal cows over a period of time extending 
from 5 days prepartum to 5 days postpartum, the urinary excretion of mag- 
nesium nearly doubled during that time. 

Calculations show that changes occurring between days in urinary magne- 
sium excretion at the time of parturition could easily account for blood changes 
in magnesium of the magnitude observed in milk fever. However, in view of the 
information presented above, and since considerable magnesium also is excreted 
via fecal channels and in the milk, a complete balance study would be necessary 
to determine whether or not urinary excretion is chiefly responsible for the blood 
changes in magnesium at parturition. 

Urinary citric acid. There were pronounced differences between the milk 
fever group and the normal and borderline groups in the excretion of citric 
acid. No significance can be attached to the differences in urinary excretion of 
citric acid between the groups more than 5 days prepartum, since only a few 
comparisons are available. However, on the third, second and first days pre- 
partum, there was consistently a greater excretion of citric acid in the cows 
which subsequently developed milk fever than in either the normal or the bor- 
derline cows. This is particularly interesting in’ view of the increased levels 
of blood serum citric acid which were demonstrated to occur prepartum in cows 
subsequently. developing milk fever (2). 

In the normal and borderline groups, urinary excretion of citric acid was 
not appreciably different during the first 4 days postpartum than for the 4 days 
immediately preceding parturition. Only scanty data on postpartum urinary 
excretion in milk-fever cows are available in this study, since urine collections 
were not usually made for the first 4 days postpartum if the cow developed milk 
fever. On the fifth and tenth days postpartum, urinary excretion was essen- 
tially the same in all groups. 

A rise in the urinary excretion of citric acid was not accompanied by a fall 
in blood serum citric acid. For the most part there seemed to be a direct rela- 
tion between urinary excretion and blood serum levels, particularly in the milk 
fever group. Thus, an increase in urinary excretion of citric acid was accom- 
panied by an increase in blood serum levels in the milk-fever cows. 

Urinary inorganic phosphorus. Maynard (17) has pointed out that the 
herbivores excrete very small amounts of phosphorus through urinary channels. 
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Ninety-four per cent of the urinary phosphorus excreted is in inorganic form. 

Very small amounts of phosphorus were excreted in the urine at any time 
prepartum by any of the groups. The usual amounts excreted during this time 
were from 0.02 to 0.04 g. daily. There was no change in the urinary excretion 
of phosphorus postpartum in the normal group, as compared with prepartal ex- 
cretion in the same group. 

There was a very dramatic increase in inorganic phosphorus excretion by 
both borderline cows on the second day postpartum. These two cows excreted 
about 5.0 g. on the average for this day. This was more than 100 times as much 
inorganic phosphorus as was excreted by the same cows at any other time pre- 
partum and about ten times as much inorganic phosphorus as was excreted by 
the same cows at any other time postpartum. 

On the fifth day postpartum, the milk fever group excreted considerably 
more inorganic phosphorus than at any other time pre- or postpartum, but on 
the tenth day postpartum, urinary excretion of this constituent had returned to 
its normal low levels. On the other hand, the borderline group was still excret- 
ing substantially larger amounts on the tenth day postpartum than they had 
excreted at any time prepartum. This amount also was considerably in excess 
of that excreted by either of the other groups on the same day. 

No definite relationship existed throughout the study between blood plasma 
inorganic phosphorus and the urinary excretion of this constituent. In the bor- 
derline group, however, for each increase in the daily urinary excretion of in- 
organic phosphorus there was a concurrent increase in the blood plasma levels. 
This relationship held for every day postpartum during which blood samples 
were taken and urine collections were made. 

It is important to note specifically that the trends observed in the preceding 
paragraphs are based on a relatively small number of cows. The behavior pat- 
terns of the various groups, insofar as urinary excretion is concerned, might 
change somewhat, particularly in excess of 5 days prepartum, if further studies 
were made. The fact that the blood composition, even with a small number of 
cows involved in the average, was quite typical of both normal and milk-fever 
cows and that the urinary excretion data was quite consistent for cows of the 
different groups, leads one to believe that the urinary excretion data at parturi- 
tion as established in this study is quite typical of that which would be found if 
more cows were studied. 

SUMMARY 

Urinary calcium excretion by eight Jersey cows was quite variable at par- 
turition. There was no consistent or appreciable variation between the normal, 
milk-fever and borderline cows. Neither did a relation exist between calcium 
losses via urinary channels and changes in the blood calcium. 

Urinary magnesium losses were much more extensive between days 16 and 
3 prepartum in the cows which developed milk fever than in the normal cows. 
The borderline cows were intermediate between the other groups in this respect. 
All three groups were.excreting essentially the same amounts of magnesium via 
the urinary route on the day of parturition. Following parturition, the mag- 
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nesium excretion by the normal group increased, and by days 5 and 10 postpar- 
tum, the normal cows were excreting more urinary magnesium than either the 
milk-fever or borderline groups. In general, blood serum magnesium seemed to 
rise in the milk-fever and borderline cows as the urinary excretion of this con- 
stituent decreased, but this relation was not consistent throughout the trial. 

There was approximately five times as much citric acid excreted in the urine 
of the cows which subsequently developed milk fever on days 3, 2 and 1 prepar- 
tum, as was excreted in the urine of the normal or borderline cows on those days. 
The high levels of citric acid excretion were accompanied by levels of blood 
serum citric acid in the milk-fever cows which were higher than normal. 

Very small and consistent amounts of inorganic phosphorus were excreted 
by all of the cows prepartum, with no group differences. In general, the post- 
partal excretion also was very small. There was no apparent relation between 
blood plasma levels of inorganic phosphorus and the urinary excretion of this 
constituent. 
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CHANGES IN MILK PRODUCTION WITH AGE AND 
MILKING FREQUENCY’ 


JAY L. LUSH anp ROBERT R. SHRODE2 
Iowa State College, Ames 


INTRODUCTION 


It is well known that milk production increases with age at an ever-decreas- 
ing rate until maximum production is reached at around 6 to 8 yr. Production 
then declines with advancing age. This makes the.regression of production on 
age distinctly curvilinear but the nature and amount of that curvature does not 
appear deducible from any general physiological principles. Consequently, 
age-changes have been estimated empirically from experiments or from non- 
experimental data thought suitable. Real but minor differences between breeds 
in these age-changes have been indicated by some evidence. Indeed such dif- 
ferences are to be expected if breeds really differ in their rates of maturity. 

The present investigation primarily was undertaken to measure how produc- 
tion changes with age, using a method thought to be nearly free from the effects 
of concurrent selection. At least, whatever bias is left by this method would be 
in the direction opposite to the bias in most of the earlier methods. Kendrick 
(4) appears to have used the same method, at least in part, but did not publish 
the details of his procedure. 

The effect of variation in times milked per day was studied also because the 
question is important and the data which had been arranged for the primary 
purpose also seemed suitable for this with only a little extra work. 


THEORETICAL CONSIDERATIONS 


The primary purpose of correction factors is to remove phenotypié differences 
which occurred because the environmental conditions were not uniformly those 
chosen as standard. The correction factors ought not to remove from the records 
any differences really caused by things inherent in the cows themselves. How- 
ever, the inherent and the environmental causes of differences are often con- 
founded, especially in non-experimental data, so that it is difficult or impossible 
to separate the effects of one cleanly from the effects of the other. For example, 
if at each age some cows with low records are culled, then the older cows will 
include a larger fraction of those with inherently high production and a smaller 
fraction of inherently low producers than are among the cows which make records 
at the younger ages. If the regression of production on age is computed from 
the averages of all data available at each age, that curve will not show the effects 
of age alone but will show those effects combined with whatever effects such cul- 
ling actually had. 
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An opposite bias is introduced if the average inherent productivity of the 
dairy population is increasing. In that case, at any given date the averages 
for the older ages do not yet include records from the cows born in the most re- 
cent years when the average productivity of the population had become higher. 
In this way the effects of any genetic time-trends in inherent productivity may 
be confounded with the effects of age. 

As another example of confounding, consider estimating the effects of milk- 
ing three times per day instead of twice a day by merely comparing the average 
production of all 3 x and all 2 x cows. In some of the herds the policy may have 
been to milk thrice a day those cows which start out to produce well, but to 
milk only twice a day those cows whose initial production seems too low to make 
the extra milking worth while. To the extent that such a policy is followed, the 
differences in production of the 2x and 3x cows will be, in part, the causes of 
whether the cows were milked twice or thrice, instead of the other way around. 

Where cause and effect can be intertangled so intricately, it is difficult to 
know whether one has measured the true size of each separate effect, especially 
on non-experimental data collected from the field!) Yet experiments designed 
expressly to prevent such confounding would need to be on an expensively 
large scale, if they are to vield accurate results. This is so because the variability 
between cows is large and the repeatability of a cow’s production from one lacta- 
tion to another is moderately low, even when every effort to repeat the environ- 
mental conditions is made. ; 

Correction factors may be called statistical control which is used instead of 
some physical control which was not actually achieved. Both kinds of control 
are intended to remove variations caused by circumstances thought not pertinent 
to the question being investigated. Physical control is the more expensive—often 
vastly more so—and frequently is not possible. Statistical control is subject to 
error from the correction factors being imperfect and, of course, can be applied 
only to sources of variation which were known. Physical control also is far 
from perfect, as is well appreciated by anyone who has ever tried to hold condi- 
tions constant for a group of cows through two or more successive lactations 
and then has measured the correlation between their records in one lactation 
and in another. That correlation should be +1.0 if one really did succeed in 
maintaining all the pertinent conditions constant. But usually it is only of the 
order of + 0.4 to + 0.5 for fat or milk and somewhat higher for test. 

When using either physical or statistical control, some knotty questions arise 
if there are genuine interactions between the inherent differences in the cows and 
the variations for which control or correction is to be made. For example, if 
cows differ genuinely in their rate of maturity for milk production, then age cor- 
rection factors, even though accurate for the average, will over-correct for some 
individuals and correspondingly will under-correct for others. The difficulty 
cannot at all be avoided by physical control, 1.e., by comparing only records 
made at the same age. For, even if one knew that cow A would mature at a 
younger age than cow B, how would one then decide whether to compare them 
in first lactations, or as 5-yr.-olds, or at some other age? It seems impossible © 
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to determine differences in rate of maturity for individual cows, although that 
ean be done for genetically distinct groups, such as breeds. Another example 
of interaction would oceur if some cows genuinely respond more to an extra 
milking than do others. Then the individual cows would rank differently when 
milked twice and when milked thrice a day. Statistical control by using an 
average correction would not rank them the same as physical control by milking 
them all the same number of times. Yet one wishing to use the physical control 
may have difficulty in deciding which milking frequency he should use. The 
soundest general criterion is to use as standard the same kind of environment 
he thinks will be used by the customers for whom he is breeding these cattle. 
But what if he thinks some of his customers will use 2 x and others will use 3 x 
milking? Fortunately for practical use, it appears that these ‘‘interactions”’ 
are triflingly small in comparison to other uncontrolled causes of variation in the 
records, although they do occur. 

The bias which concurrent selection introduces into age correction factors 
derived from the averages of all records made at each age (method A) already 
has been mentioned. The reasons. for this bias generally are well understood. 
Some have thought to escape it by comparing only records made by the same 
cows at two successive ages (method B), as we have done here. But, when 
method B is used, concurrent selection introduces a bias in the opposite direc- 
tion. Since that is not generally so well understood, a comparison of the biases 
in methods A and B seems appropriate here. 

Let N = number of cows which have a record at a given age; k = number of 
these which are kept to make a record at the next age; c = N-k = number of cows 
which die or are sold or culled before they make another record; K = the mean 
production of the & cows at the first age; K’ =the mean production of the k 
cows at the next age; C = the mean production of the ¢ cows at the first age; and 
C’ = the mean production which the c cows would have had in the next lactation 
if they had been kept. 

Then the true age change, free of the effects of selection, would have been 


kK’ 
eC (K’-K) + (C’—-C). Under method A, the apparent 


kK + eC 


minus apparent change under method A) is x (C’-K’). Under method B the 


age change is K’- From this it follows that the bias (true change 


apparent age change is K’-K. From this it follows that the bias (true change 
minus apparent change under method B) is x [(C’-K’) -(C-K)]. The differ- 
ence between the two methods, which is also the difference between their biases, is 

N (C-K). 


Now if all of the c were culls for low production and if this culling were done 
wholly on the individual records of the cows and if the repeatability of individual 
records is t, then C’— K’ =t(C-K). In that case, the bias in method A would be 
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nt(C-K) and the bias in method B would be —(1+t) x (C-K). From this the 


ratio of the two biases would be — = . The minus sign merely says that the two 
biases are in opposite directions. If ¢ is less than 0.5, the bias in method B actu- 
ally would be larger than that in method A. But culling for low production is 
not done wholly on individual records and many of the ¢ are not culls. Basing 
the culling partly on type or on the regords of dam, or sisters or other relatives 
close enough to have any practical use for predictive value, has the same effect 
here as making ¢ larger and C-K smaller than they would be if the same fraction 
of the cows were culled wholly on their own records. The presence of non-culls 
in c keeps the ratio K’/K from being so much smaller than C’/C as it would be 
if all of the c were culled because of their own low records. 

Further speculation about the relative sizes of the two biases appears fruit- 
less until more is known about the amount and kinds of selection which actually 
are practiced. Seath’s study (8) seems to be the only extensive one yet pub- 
lished in that field. That study merely determined on two groups of DHIA data 


the size of K-C at various ages. The size of the bias is affected by x which, with 


an average productive life of about 4 yr. for dairy cows, would be somewhat 
larger than 0.25 from 1 yr. to the next. It was around 0.3 in Seath’s data. The 
size of the bias also depends on K-C, which would be small if most of the c who 
go do so for reasons other than their production. K-C could be fairly large at 
the ages, if any, when most of c¢ are culls because of their own low production. 
Seath found evidence that the individual culling was more intense among the 
2-yr.-olds and 3-yr.-olds than at later ages. At the younger ages in his data, 
K-C was of the order of 55 to 70 Ib. of fat or 1000 to 1600 lb. of milk. Of course, 
all cows must leave the herd eventually. If more culling is done at the younger 
ages, less room is left to cull at the older ages. 

The present state of knowledge leaves uncertain the size of these biases from 
concurrent individual selection, but clearly they are in opposite directions in 
methods A and B. The true age-change therefore should be between the apparent 
changes yielded by methods A and B, unless still other highly important causes 
of change in production are closely confounded with age. 


DATA USED 


The data came from the files of the Holstein-Friesian Association of America* 
in 1943 and consisted of 43,573 Herd Improvement Test records from 11,001 
cows. Both 2x and 3x records were included, 20,893 being 2x records from 
5,374 cows and 22,680 being 3x records from 5,627 cows. Each record, coded 
to the nearest 10 lb., was the total milk yield within 365 days after freshening.* 

3 The authors are indebted to H. W. Norton, Jr., for making these data available. 

4Since 305-day records now are used much more widely than 365-day records and this 
change seems likely to be permanent, some details about the general applicability of the find- 
ings must remain a bit uncertain. Many of the records did end within 305 days, only about 40 
per cent extending for a full 365 days. The average length of HIR records, as found in another 
study, was about 324 days. : 
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The 2x and 3x records ranged from 3,500 Ib. to 25,000 lb. and from 3,600 Ib. to 
34,000 lb., respectively. The respective means were 11,404 lb. and 13,876 lb. 
Table 1 shows the average production for the various ages grouped as is custom- 
ary in the breed association procedure. The age trend in these averages is 
shown graphically in the upper left corner of figure 3. 


TABLE 1 
Averages of all records at various ages 
Milk yield 
A ‘ou — 
— 2x milking 3x milking 
(lb.) (1b.) 
Jr. 2 9,471 12,318 
Sr. 2 10,046 12,578 
Jr. 3 10,419 12,700 
Sr. 3 11,046 13,373 
Jr. 4 11,409 13,732 
Sr. 4 11,912 14,167 
Jr. 5 12,093 14,493 
Sr. 5 12,168 14,491 
6 yr. 12,323 14,803 
7 yr. 12,444 14,813 
8 yr. 12,248 14,844 
9 yr. 12,044 14,919 
10 yr. 11,830 14,532 
11 yr. 12,254 14,396 
12 yr. 11,947 14,261 
13 yr. 11,531 14,298 
14 yr. 12,660 13,918 
15 yr. 11,814 14,889 


Each record was taken from the files without regard to its magnitude, the 
only requirement being that a cow have at least three consecutive 2 x records or 
at least three consecutive 3x records. The year or the herd in which the cow 
made her record was not copied from the original data file. Hence, the herd-to- 
herd and general year-to-year differences could not be measured separately. Re- 
quiring that the cow must have had three consecutive records on the same milk- 
ing frequency must have excluded practically all cows from herds in which both 
2x and 3 x milking were being done at the same time. It seems likely that indi- 
vidual managemental or seasonal variations in environment which might have 
affected the regression of production on age would have been about the same 
within the 2 x and within the 3x data. So large a sample of herds probably was 
fairly representative of HIR herds which are on test 4 consecutive yr. or more. 


TREATMENT OF DATA 


The change in production with increasing age was measured by the ratio be- 
tween production at one age and production by the very same cows in their next 
lactation. The 2 x and 3x data were studied separately but later were combined 
for deriving the age correction factors, since no certain difference was apparent 
except at ages under 36 mo. The two types of data provided 13,802 and 14,170 
pairs of records. 
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The ratios were computed for every monthly age level in the data by assem- 
bling in one group all cows which had one lactation beginning at xz months and 
another lactation beginning not more than 16 mo. later. Their total production 
(T,) in their lactations beginning at z months and their total production (T.) in 
their next lactations and the average interval (12+m) in months between the 
beginning of the first and the beginning of the next lactations were computed. 
Then T, was adjusted to 7 for an interval of exactly 12 mo. by a linear inter- 
polation thus: 

Then R, the desired ratio of production at one age to what it was 12 mo. earlier 
was obtained by dividing (1) by T, as is shown in equation (2). This was con- 
venient for computing. 
T 12 (/T:; 

As a numerical example, the computations were as follows for the 284 2 x pairs 
in which the first records began when the cows were 24 mo. old: 


T 12 /296,469 

=1+0.96 (1.13-1) 

=1.12 
This R shows the slope of the regression of production on age (x) through the 
relation: R-1 We = vy . - where y is the yield at the age when the first record of 
the pair began but v applies to the curve approximately 6 mo. later and Az 
is 12 mo. As long as R exceeds 1.0, & is positive and production is still in- 
creasing with age. At the age of maximum production a is 0 and R is 1.0. 


When production starts to decline, R becomes less than 1.0. In these data the 
average value of m was a little less than 1 mo. 

The numbers of record pairs at the various monthly age levels ranged from 
one to 331 in the 2 x data and from one to 353 in the 3x data. In the combined 
2x and 3x data the number of pairs varied from one to 665. The first records 
of the pairs were made at ages ranging from 16 to 182 mo. The pairs begin- 
ning under 24 mo. or later than 104 mo. were so few that the ratios at these ages 
could vary widely just by chance. This was minimized by using moving aver- 
ages and by combining the ratios at extreme ages, as is explained later. In one- 
fifth of the pairs the first ages were under 36 mo. Half of them began at ages 
under 50 mo. A fifth of them began at ages as old as 72 mo., but only one- 
twentieth of the information was for pairs beginning at ages as high as 104 mo. 
At the youngest age and at the ages so old that the data were scarce, enough 
consecutive months were combined to have at least 20 cows as the basis for 
each R in the 2x data. The same ages were used for grouping the 3 x data. 
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To reduce the effects of sampling fluctuations, a 5-mo. weighted moving aver- 
age was fitted to both the 2 x and 3 x ratios. The relative weights for the 5 mc. were 
1-3-4-3-1 in the 2x data, but the slightly different weighting, 1-2-3-2-1, was 
used later in the 3x and combined data, as it was found simpler to compute and 
the choice of weights had to be somewhat arbitrary anyhow. In all the weight- 
ing the ratio for each month was multiplied by the number of record pairs in- 
volved. This gave weight to the amount of evidence on which each R was based. 
These weighted average R’s are shown in figure 1. 
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Fig. 1. Ratio of production at one age to production twelve months earlier. 


The salient things about figure 1 are (a) the smoothness and simplicity of 
the curve for ages over 36 mo. and (b) the distinct sag between 24 and 36 mo. 
These things are so nearly alike in the 2x and the 3x data that they must be 
real and are not mere sampling accidents. That the up-and-down scatter of 
the points is slight, except at ages past 108 mo. where the data are few, indicates 
that only small sampling errors remain here. 

That R changes in a slightly undulating way is partly a consequence of 
using moving averages. Adjacent months have six of their nine elements alike 
where the 1-2-3-2-1 weighting was used, points with 1 intervening month have 
four elements alike, those with two intervening have two elements alike, and’ 
even those with 3 intervening months still have one of their nine elements in 
common. But points with 4 or more intervening months are entirely indepen- 
dent, except as a second record in one pair was sometimes an initial record in 
some later pair. 

What the sag before 36 mo. means concerning the shape of the age curve is 
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shown in figure 2 in the curve for ‘‘present’’ factors. Its plausible biological 
explanation will be discussed later. 

The 2 x and the 3x data in figure 1 follow a closely similar course, although 
the 2x R’s are distinctly larger than 3 x R’s at ages under 36 mo.. The 2x R’s 
are a little larger than the 3x R’s at ages from 36 to about 63 mo., but this 
seems too uncertain and too small to warrant constructing separate sets of cor- 
rection factors. The difference means tuat under 36 mo. the 2x curve should 
be a bit steeper and the 3 x curve correspondingly not quite as steep as the curve 
shown in figure 2 for ‘‘present’’ factors. A similar but extremely small differ- 
ence occurs from 36 mo. to a little after 60 mo. The reason for the difference 
at ages under 36 mo. is apparent in figure 4. 
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Fig. 2. The regression of production on age, according to several sets of correction factors. 


The smooth curves in figure 1 for ages from 37 mo. onward were fitted by eye 
because of uncertainty about what type of equation to choose for fitting by pre- 
cise mathematical methods and because unsatisfactory results were obtained, 
especially near the ends, when trying to fit polynomial curves. 

The factors presented in table 2 and used in figures 2 and 3 were derived 
from the smooth curve fitted to the combined 2x and 3x data for ages of 37 
mo. and over. The first step in deriving these factors was to find the point of 
maximum production, M, on the age-production curve. This would be about 6 
mo. later than the age at which R becomes 1.0. Figure 1 makes it clear that M 
could not have been earlier than 78 nor later than 84 mo. This has been taken 
to be 82 mo., but FR is so nearly 1.0 for quite a distance here that mistaking the 
exact value of M by as much as 4 mo. would have made only tiny differences in 
the age curve. The factor for converting to their mature equivalents the records 
begun at the age M minus 12 mo. is R at the age M minus 12 mo. The factor 
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for converting records begun at age M minus 24 mo. is found by multiplying Ry... 
by Ry-2s. The factor for M minus 36 mo. is given by the product, Ry-12 . Ra-os - 
Ry-s«. The factor for M plus 12 mo. is the reciprocal of Ry, that for M +24 
is the reciprocal of Ry . Ry,,., ete. This step-wise procedure was used to locate 
points at 12-mo. intervals on each side of M. 

Points on the age curve at M—3, M-—6 and M+3 were then located by con- 
sidering the apparent general shape of the curve on both sides of M and inter- 
polating. Then points at successive 12-mo. intervals on each side of M-—3, M-6 
and M+3 were found by using the R values read from the curve in figure 1, 
just as was done for locating the points at 12-mo. intervals from M. This gave 
at 3-mo. intervals the points on an age curve all the way from 37 mo. to 160 mo., 
although the scantiness of data at the advanced ages makes a considerable un- 
certainty about points for ages much past 10 yr. A smooth curve was fitted by 
hand to these points 3 mo. apart. Thus, was obtained the ‘‘present’’ curve 
shown in figure 2 for ages 37 mo..and over. 

The points for 36 mo. and under were obtained by applying the actual mov- 
ing average shown in the combined data in figure 1 to the point on the smoothed 
eurve at the age exactly 12 mo. later. This seemed the only feasible way to 
treat the sharp discontinuity which is so prominent in figure 1 at or just before 
36 mo. 

RESULTS CONCERNING AGE 


The factors thus derived are in table 2. Figure 2 shows these factors in com- 
parison with some of the other previously published and widely used factors 
which have been derived from Holstein data. 

As a rough and imperfect but easily understood test of how these various 
factors actually fit the HIR data, they were applied to the averages in table 1. 
The results are shown in figure 3. If (a) the factors were entirely correct and 
(b) the average intrinsic producing abilities really were the same for all the 
age-groups in table 1, the corrected curves in figure 3 should be horizontal ex- 
cept for minor sampling irregularities permitted by the averages being based on 
only moderate numbers of cows. But condition (b) is not expected to hold 
exactly. Individual culling probably will have made the cows in the older 
groups average somewhat higher in their production. This would make accu- 
rately corrected lines rise a-little with increasing age. This rise might have 
been offset in part by a general increase in the average intrinsic productivity of 
the breed whereby, for example, the average productivity of all young cows born 
in 1935 would have been higher than the average of all those born in 1930. A 
few other, probably minor, circumstances might keep perfectly corrected lines 
from being absolutely horizontal. 


RESULTS CONCERNING FREQUENCY OF MILKING 


Figure 4 shows the 2x :3x ratios by 3-mo. intervals. Only the first records 
from all the pairs were used. This assured that none of the records in figure 4 
would have been terminal records of the cow, such as might possibly have been 
affected by any udder trouble or other ill health just preceding her death or 
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culling. For example, the 735 2x cows who freshened at ages 23, 24 or 25 mo. 
and had another 2x record beginning not more than 16 mo. later, averaged 
9,263 lb. of milk in their records begun at an average age of 24 mo. The 561 
3 x cows who freshened at ages 23, 24 or 25 mo. and had another 3 x record be- 
ginning not more than 16 mo. later, averaged 11,691 lb. of milk in their first 
lactation. The ratio of this 9,263 to 11,691 is the 0.792 shown. 


TABLE 2 
Age correction factors from the present study (not smoothed for ages under 87 mo.) 


Age Factor Age Factor Age Factor 
(yr.-mo.) (yr.-mo.) (yr.-mo.) 

1-9 1.36 4-3 1.07 10-4 to 10-9 1.04 
10 1.34 4 1.06 
11 1.34 5 1.06 

2-0 1.33 4-6 to 4-8 1.05 10-10 to 11-2 1.05 
1 1.31 
2 1.28 

2-3 1.26 4-9 to 4-11 1.04 11-3 to 11-7 - 1.06 
1.25 
5 1.24 

2-6 1.23 5-0 to 5-2 1.03 11-8 to 11-11 1.07 
1.22 
8 1.20 

2-9 1.20 5-3 to 5-6 1.02 12-0 to 12-3 1.08 
10 1.21 
11 1.21 

3-0 1.21 5-7 to 6-0 1.01 12-4 to 12-6 1.09 
1 1.20 
2 1.18 

3-3 A237 6-1 to 7-8 1.00 12-7 to 12-10 1.10 
4 1.16 
5 1.15 

3-6 1.14 7-9 to 8-9 1.01 12-11 to 13-0 1.11 
7 1.13 
8 1.12 

3-9 1.11 8-10 to 9-7 1.02 13-1 to 13-3 1.12 
10 1.11 
11 1.10 

4-0 1.09 9-8 to 10-3 1.93 13-4 1.13 
1 1.08 
2 1.08 


The averages in figure 4 are all for 3-mo. periods except the very first one 
and the last five. For these six points wider time intervals were pooled in order 
to secure larger numbers. For example, the very first ratio shown is that be- 
tween the averages of 133 cows milked twice daily and 46 cows milked three 
times daily, freshening at ages 17 to 22 mo. Their freshening ages averaged 
barely under 21 mo. At the other extreme the ratio at the oldest age is that be- 
_ tween 31 2 x cows and 27 3 x cows freshening at ages from 12 yr. and 8 mo. to 
15 yr. and 2 mo. and averaging 13 yr. and 6 mo. 

The amount of evidence bearing on each ratio is considered as proportional 
to the harmonic mean of the two numbers involved and is indicated roughly on 
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Fig. 3. The data of Table 1, actual and when corrected by the factors in Figure 2. 
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the graph. Only the last point is based on less evidence than the equivalent of 
64 cows on each kind of milking. Two of the earlier points contain more evi- 
dence than if there were 900 cows on each milking frequency. 

The horizontal line in figure 4 is at 0.833 which is the 5:6 rule so widely 
used for correcting 3 x to 2x milking. This 0.833 seems to fit these data at 36 
mo. and older ages well enough that practically nothing would be gained by 
changing it. 
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Fie. 4. Production by cows milked twice daily, compared with production by other cows 
the same age but.milked three times daily. 


At ages younger than 36 mo. the 2x averages are distinctly less than five- 
sixths of the 3x averages. The consistency of this and the amount of data 
make it certain that a different 2x :3x correction is needed at ages under 36 
mo. Using the factor 0.80 in first lactations and 0.833 in all other lactations to 
correct 3 x records to a 2x basis would fit these data rather well® and would be 
simple enough for widespread general use. It might be imagined that the dif- 
ference found in the 2x :3x ratio at the young age is peculiar to 365-day rec- 
ords, many of which were in the present study, and that it does not occur in 
305-day records. First lactations are known to be more persistent than later 
ones. But it seems more plausible that the extra milking generally would affect 
the first part of a heifer’s record more than the latter part. This would follow 
if the extra milking affects yield primarily by relieving pressure in the udder. 
The udder capacity is relatively undeveloped at the beginning of the first lacta- 
tion and would handicap production more in the first 305-days than it would in | 


5 However, there is a strong hint that a perfectly accurate ratio would be progressively 
smaller at younger ages, especially in first records beginning at ages under 24 mo. 
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the 11th and 12th month. If that is an important part of the picture, 305-day 
lactations are likely to show an even more extreme difference in the 2 x : 3 x ratio 
than was found here between early lactations and later lactations. 


DISCUSSION 


All the correction factors in figure 3 over-correct the 3 x records at ages un- 
der 36 mo. more strongly than they do the 2x records. This bias appears to 
result from the extra milking having more effect on heifer lactations than on 
later ones. Therefore, in their first lactations, the 3 x cows need less age cor- 
' rection than the 2x cows do. This situation can be met by having a single set 
of age correction factors suited to 2x data and then using a smaller ratio for 
converting 3 x first lactations to a 2 x basis than is used for 3 x later lactations. 
If uncertain whether the lactation was a first or a second one, there would be 
small error in presuming it to be a first one if it began at an age less than 36 mo. 

The ‘‘present’’ curve in figure 2 shows what the peak in the R curve (figure 
1) at around 36 mo. really means. The most plausible explanation for this dip 
in the age curve is that cows which freshened young the first time begin to 
freshen for the second time in considerable numbers at around 35 mo. before they 
have completed their body growth or restored their nutritional reserves. Up to 
34 mo. nearly all of the lactations are first calvings and the ‘‘present’’ curve 
in figure 2 shows the age change, unconfounded with any effects of prior milk 
production. But the second lactations begin to occur in appreciable numbers 
at ages of around 34 mo. By 37 mo. most of the data are for second lactations. 
This explanation is supported by the frequency of the combined 2x and 3x 
record pairs at the early ages, as shown in table 3. 


TABLE 3 

Distribution of record pairs by age at which the first record of the pair began 

Age No. of pairs Age No. of pairs 

(mo.) (mo.) 
16 1 31 399 
17 7 32 377 
18 15 33 290 
19 16 34 313 
20 28 35 396 
21 32 36 515 
22 81 37 604 
23 226 38 585 
24 473 39 635 
25 597 40 665 
26 617 41 616 
27 626 42 574 
28 624 43 578 
29 504 44 529 
30 462 45 477 


The first peak at ages of 25 to 28 mo., the valley at ages 31 to 35 mo. and the 
second peak at ages 37 to 41 mo. all testify to the cyclical distribution of calving 
ages among cows up to at least their third calving. This distribution of calving 
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ages also conforms to the report by Plum and Lush (7) and to some unpublished 
data we have seen recently from the Jersey HIR. 

The evidence on the shape of the age curve up to about 34 mo. is practically 
all based on first lactations compared with second ones. The heifers are pro- 
gressively nearer to their physical maturity when they do calve the first time. 
At about 34 mo. the comparisons between second and third lactations begin to 
occur and these all pertain to cows who freshened. unusually young, both the 
first and the second time. Because they begin their second lactations still very 
immature, and in many cases somewhat depleted nutritionally, their second lac- 
tations are much smaller than their third ones, and thus they yield high & values 
at the ages when the early second lactations are beginning. The sharp rise in 
the R value (figure 1) at ages 34 to 37 mo. is caused by the early second calvings 
replacing the first calvings in the evidence for that period. Then, as the age at 
second calving gets much later than 37 or 38 mo., most of the cows will enter on 
their second lactations more nearly mature and having had more time to re- 
euperate from their first lactations. Consequently the R values fall rapidly 
after about 37 mo. as they begin to be based on comparing third with second lac- 
tations which were made when the cows had recovered more completely from 
their first lactations. In the 2x data there is a hint of a similar but much 
smaller irregularity in the R curve at about 50 to 52 mo., when comparisons be- 
tween third and fourth calvings would begin to occur, but the 3x data do not 
show this. 

This explanation of the sharp break in the age curve at near 35 mo. fits ex- 
tremely well the findings of Johansson and Hansson (3) (see especially the 
graph on their page 39), who studied the regression of butterfat yield on age 
within first, second, third and later lactations, separately. They found that 
cows calving a second time at an early age produced distinctly less than those 
- ealving for the first time at that same age. © 

It appears, therefore, that corrections for age will be more accurate if dif- 
ferent age correction factors are used for first calvers and for second calvers 
during the ages when both are present in appreciable numbers. Probably this 
should be done, although the amount of work and confusion involved in changing 
any widely used factors is so much that the magnitude of the change needs to be 
verified first on other bodies of data. If a change had to be made now, the 
simplest way to do it seems about as follows: (a) The ‘‘present’’ curve in figure 
2 would be given the very little bit of smoothing it needs for the youngest ages 
up to and including 34 mo. and would be lowered a bit at those ages to make 
it adapted to the 2 x data alone, rather than to an average of the 2 x and 3x R’s 
as at present. (b) The factor for 35 mo. would be lowered enough to make it 
smooth with the existing curve for 36 mo. and later. (c) The resulting factors 
would be used with the qualifications (1) that if a first record began at age 35 
mo. or later 0.04 would be subtracted from the factor listed for that age and 
(2) that if a second lactation began at ages 34 mo. or earlier, 0.05 would be 
‘ added to the standard correction factor which would have been used if it were a 
first lactation. In effect this would make the standard corrections be for first 
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lactations at ages of 34 mo. and younger, but for second or later lactations be- 
ginning at 35 mo. or older. This would be fairly simple in operation, since the 
age range in which this amounts to using two sets of correction factors would 
be only from about 32 to about 40 mo. When it is not known whether the lac- 
tation was a first or a second one, the standard factor for that age would be 
used. This would be unfair to the few unknown second calvers at 34 mo. or 
less and it would be unduly generous to a few unknown first calvers at 35 mo. 
and older, but the net accuracy would be higher than using a single set of fac- 
tors, regardless of lactation order, which is unfair to all early second calvers and 
unduly generous to all late first calvers. If the dividing age were set 1 mo. 
or even 2 mo. later than between 34 and 35 mo., fewer late first calvers would 
get an undeservedly high correction factor, but more second calvers would be un- 
fairly penalized. This applies only to those for which it is not known whether 
the lactation was a first or a second one. 

The AR factors (Gowen, Norton and Turner and Ragsdale) in figure 2 show 
the maximum to be at a later age and they show the production at the younger 
ages to be relatively lower than the HIR and DHIA factors indicate. The selec- 
tive nature of AR testing is enough to explain this difference. Many of the 
men doing AR testing would follow a general policy of testing young cows at 
the first convenient and promising lactation but would think it worth while to 
test older cows only when those seemed likely to make an outstanding record, 
or at least a record much higher than any they already had. That is, in AR 
testing there is not only selecting of cows to be tested but also some selecting of 
their most promising lactations. This latter kind of selection naturally would 
be more extreme among older cows, since they would have started more lactations. 

As far as concerns any bias from selection, the Kendrick and ‘‘present’’ and 
Holstein HIR curves show the true age curve more accurately than the AR 
eurves do, although the former two may show the maximum at slightly too 
young an age and be a bit too flat before that and may decline a bit too rapidly 
afterward, because of the bias inherent in method B. Four of the seven sets of 
factors appear to over-correct at least slightly at ages past 10 yr., as judged by 
the evidence in figure 3. The Norton and the Holstein HIR factors have little, 
if any, of this fault and, of course, the 70-80-90 per cent rule makes no correc- 
tions there. This over correction at older ages is most extreme with the Ken- 
drick factors. The practical importance of age correction factors being wrong 
for these ages is small because so few records are made by cows this old. If the 
lifetime averages of those cows are used, as they should be, errors in the correc- 
tion factors at ages as old as 10 yr. will lead to only tiny errors in estimating 
the productivity of the cows, except in those rare cases where a cow is already 
old when testing begins in the herd. Many of the Kendrick data came from 
DHIA herds which were not on HIR test, but it seems unlikely that average 
management or culling practices could have been so different between DHIA and 
HIR herds that they would be the sole causes of the Kendrick factors showing 
production to decline so much at the older ages. That would require that old 
cows be given much worse management than young or middle-aged cows in 
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DHIA herds but not in HIR herds, or that culling of genuinely poor producers 
among the cows past middle age is far more severe and effective in DHIA herds 
than in HIR herds. We see no reason to suppose the former to have been true 
to any considerable extent, while for the latter to have been the major cause of 
the discrepancy seems impossible in view of the limitations which reproductive 
rates set on the culling possibilities among cows. One trying to cull enough to 
make so large a change in genuine productivity would find himself practically 
out of cows in 2 or 3 yr. at most! It is not apparent that any difference between 
305-day and 365-day records could have been responsible for this difference at 
the older ages; indeed, it seems that any tendency for cows to become less per- 
sistent as they grow old would have operated in the other direction. Possibly 
the Kendrick data include more pairs in which the second record was really a 
terminal one, abnormally small because of udder trouble or ill health, but we 
see no reason why such pairs should be much more frequent in DHIA than in 
HIR data at older ages but not more frequent at younger ages. 

As compared to the present and the Holstein HIR factors, the Kendrick ones 
appear slightly too low at ages of about 45 to 66 mo., as can be seen in figure 2. 
This is confirmed in figure 3 for the 3 x data and, at least for the junior fours, 
in the 2x data. The difference is small but, because it pertains to ages at 
which many records are made, it deserves inquiry whenever a revision of the 
present Kendrick factors is considered. 

It is easy to exaggerate the importance of differences in age correction factors 
’ and to waste time on further refinements of those, while neglecting things which 
cause much larger errors in selections and cullings. As an approximate method 
of measuring the actual importance of age correction factors, the variance com- 
ponent due to differences between age groups in the uncorrected 2x data of 
table 1 was estimated and then compared with the amount that remained in these 
data after they had been age-corrected as shown in figure 3. The age com- - 
ponent in the uncorrected data of table 1 was about 11 per cent of the individual 
variance. On account of the absence of young cows with only one or two rec- 
ords from these data and the under-representation of cows with records at ex- 
tremely old ages, we suppose that 14 to 16 per cent would be a better estimate 
for the general importance of age in causing variations in utterly unselected 
records. Also some real age differences still remain in table 1 within such 
broadly based groups as junior twos and threes and senior twos, so that the 11 
per cent found is not quite all of it. In the unselected Johansson and Hansson 
data (their table 5) the component between groups was also only 11 per cent of 
the total. But then their data were grouped only by lactation order, so that a 
larger share of the age variance must have remained within their groups than 
within the groups in table 1 here. 

The simple 70-80-90 per cent rule takes out 52 per cent of the age variance 
which was in table 1. That such crude factors could remove so much of the age 
effect indicates already that even a few refinements would go far toward com- 
pleting the job. The extremely step-wise nature of the 70-80-90 per cent cor- 
rections causes the sharp zigzags at the younger ages in figure 3. These cor- 
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rections are clearly too generous to the 2-yr.-olds and 3-yr.olds, especially to the 
senior ones among them. 

The Kendrick factors take out 91 per cent of the age variance. Half of the 
9 per cent which is left comes from the factors being too high at ages of 11 and 
over, while two-thirds of it comes from their being too high at ages of 9 and 
over. Errors at those older ages will cause little practical damage, since such 
cows will already have other records except in the few cases where they are in 
herds which are just beginning to test. About 2 out of the 9 per cent of the 
original age variance left by the Kendrick corrections comes from those factors 
being too small in the age zone from junior threes to senior fives. This 2 per 
cent is certainly too small to justify the confusion and clerical work of changing 
factors until it has been verified on other data, yet it does have a little practical 
importance because so many culling and selection decisions must be based on 
records made in that age zone. 

The Holstein HIR factors retain only about 3 per cent of the original age 
variance and the ‘‘present’’ ones retain only 1 per cent, but such figures show 
these factors in rather too good a light, since they are being tested back against 
the very data from which they were wholly (the ‘‘present’’ factors) or in large 
part (the Holstein HIR factors) derived. Nearly half of the Holstein HIR dis- 
crepancy comes from the coarse grouping fur junior twos and about a fifth of it 
comes from the factor being too large for the senior fours. 

Except for the 3 x 2-yr.-olds and to a much lesser extent the 3 x 3-yr.-olds, the 
‘*present’’ factors give in figure 3 a slight upward slope such as would be ex- 
pected, either from the bias in the method or from selective elimination of the 
cows having made the older groups in table 1 genuinely more productive than 
the younger ones. The upward trend seems a bit more extreme than the latter 
cause alone seems likely to have produced. Part of the upward slope in the very 
youngest ages in the 2x data, as well as the downward slope in the youngest 
ages in the 3x data, is due to our having combined the two kinds of data to 
derive an average R curve before we learned that the 2 x : 3x ratio was smaller 
at the younger ages, especially at 36 mo. and less. The upward trend expected 
because of having used paired records is shown by the Kendrick factors only 
from junior fours onward. Why it does not appear earlier is not clear and it 
ean hardly be the major cause of the Kendrick curves going so extremely high 
at ages after six. 

The step-wise nature of the Holstein HIR factors introduces some moder- 
ately important discrepancies at ages less than 48 mo. Whenever these factors 
are revised the steps should be shortened, at least to 3-mo. intervals. With 
modern computing machinery the clerical workers in the breed office would 
probably find little more work in using a separate factor for each month than 
in using a separate factor for each 3-mo. interval. The gain in accuracy from 
using the monthly factors would be trifling at ages past 48 mo. 

How little is actually gained by extreme refinement of correction factors can 
be illustrated with fat production, which is only a little lower than milk in 
repeatability and in coefficient of variability. With an intra-herd standard 
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deviation of about 80 lb. of fat and a repeatability of about 0.4 in age-corrected 


305-day lactation records, the standard deviation of a cow’s individual records 
around her true productive value is 80\/0.6. One quarter of this is about 16 lb. 
The standard error of estimating her real ability from one record is 80/0.4- 
\/0.6, one fourth of which is about 10 lb. Little information is lost by grouping 
data, provided the grouping interval is as small as one-quarter of a standard 
deviation. Hence almost no accuracy in estimating the future production of a 
cow is gained by considering her individual lactation fat record in any more 
detail than rounding it to the nearest 10 lb. To make that much difference on 
an actual record of 500 lb. of fat, the age-correction factor would have to be in 
error by about 0.02. — 

Small biases from age-correction factors can become important, however, 


- when comparing the averages of groups differing widely in average age, as may 


often be the case in proving a sire by comparing the production of his daughters 
with that of their dams. For example, if nine cows were in each age group, the 
statistician’s rough rule would give about 5 lb. (instead of 16) as the largest 
interval in which such averages ought to be grouped, while if there were 100 
cows in each group that interval would sink to about 1.6 lb. or a little less. For 
such purposes errors even as small as 0.01 in the correction factors occasionally 
attain some practical importance. Of course there is no argument for leaving 
even small errors in the correction factors unless the cost of removing them (in- 
eluding the confusion caused by any change in factors already widely used) 
costs more than the gain in accuracy is worth. 

Age corrections by regression, rather than by multiplicative factors have 
been proposed sometimes (10). These really attempt in a single operation to 
correct both for age and for imperfect repeatability, rather than for age alone 
as the multiplicative factors do. Gowen (2, table 23) showed long ago that the 
standard deviation of actual records varies from age to age nearly as the mean 
does. Therefore, a multiplicative correction comes nearer than a regression 
equation to making the corrected records equally variable at all ages. Without 
that equality, records corrected to maturity cannot fairly be pooled with each — 
other or with actual records made at maturity. Allowance for imperfect re- 
peatability does need to be made in most practical situations but usually it is 
simpler and more accurate to correct for age in one operation and then for im- 
perfect repeatability in another. 

The present analysis sheds no light on the argument concerning correcting 
for weight instead of correcting for age (1), since weights were not available. 
In any event, weight and age are confounded in most data so that correcting on 
either basis does part (although not all) of what would be done by correcting 
on the other. 

Only the milk records were studied here, whereas some of the other studies 
were of fat. But milk quantity changes so much more than test does with age 
and with times milked that separate sets of correction factors for milk and for 
total fat do not seem worth while. During the latter part of the lactation the 
test increases slightly. This might possibly have effect enough to make some de- 
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tectable difference between 365-day milk factors and 305-day fat factors, espe- 
cially in first lactations. Test decreases very slightly with age but this does not 
seem enough to have accounted for any detectable part of the difference dis- 
cussed. 

SUMMARY 


1. Multiplicative age-correction factors for Holsteins were derived from 
43,573 Herd Improvement Registry lactations of 5,374 cows milked twice daily 
and 5,627 cows milked thrice daily. These factors were based on comparisons of 
production by the same cows in consecutive lactations. The factors are shown 
in table 2. 

2. The biases which culling of cows may cause in age correction factors are 
discussed. Several sets of factors for Holsteins are compared in figure 2. Fig- 


ure 3 shows the actual HIR averages before and after correction of these factors. — 


3. The present findings agree well with the widely used Kendrick factors. 
The differences indicate that the following four points need attention whenever 
a revision of the Kendrick factors is made: 


(a) The Kendrick factors seem a bit too large at ages under 35 mo. Part 
of this might come merely from the higher persistency of heifers, since 
the present data included many lactations which went as long as 365 
days. Part of it may have come from neglecting the difference between 
late first calvers and early second calvers in the smoothing when the 
Kendrick factors were prepared. 


(b) Some difference needs to be made between late first and early second 


ealvers at those ages when records by both are present; i.e., at around 
33 to 42 mo. This might be done rather simply by having a sharp dis- 
continuity in the standard age-correction factors between 34 and 35 mo. 
and adding about 0.05 to the standard factor if the calving is a second 
one which occurred earlier than 35 mo., but subtracting about 0.04 from 
the standard factor if it is a first calving which occurred at ages later 
than 34 mo. 

(ec) The Kendrick factors appear a bit too low at ages around 45 to 66 mo. 
The apparent difference is small but does have a little importance, be- 
cause so many of the records on which cows are culled or are chosen to 
be the dams of herd sires are made at these ages. 

(d) The Kendrick factors seem decidedly too large at the older ages. 


4. Because all of the commonly used age corrections remove most of the vari- 
ance caused by age, their accuracy can be increased only a little by further 
changes. Since any changes involve much confusion and clerical labor, those 
which the present study indicates to be desirable should first be verified on other 
data, especially with respect to these points: 


(a) Is any material portion of them the peculiar result of the present data 
having included many lactations as long as 365 days? 

(b) Is the slope of the age curve really different enough in HIR and in DHIA 
data to need attention ? 


j 
i 


CHANGES IN MILK PRODUCTION 357 


(c) Is the explanation proposed here for the peculiar shape of the R curve 
at around 36 mo. really valid and is there any simpler and equally accu- 
rate device for adapting age corrections to it? 


5. Multiplying 3 x records by 0.80 when they are first lactations and by 0.833 
when they are later lactations is suggested for correcting them to the basis of 
twice-a-day milking. The data hint that the difference between 2x and 3x 
milking is even larger than 4:5 at extremely young ages. 
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GENERAL PROGRAM 


Monday, June 19, 1950 


12: 00 Noon* Open for Registration, Memorial Room, Willard Straight 
Hall 


7:00-12:00p.m. Registration and Informal Gathering, Memorial Room, 
Willard Straight Hall 


Tuesday, June 20, 1950 


8:00 a.m. REGISTRATION 
10: 00-12:00a.m. Operninea Sessions, Bailey Hall 
K. L. Turx, Department of Animal Husbandry, Cornell 
University, presiding 
Address of Welcome 
Dr. W. I. Myers, Dean, College of Agriculture, Cornell 
University 
Presidential Address 
Dr. G. M. Trout, Dairy Division, Michigan State College 
Guest Speaker 
Dr. E. E. Day, Former President and Chancellor, Cor- 
nell University 
1:30- 4:30p.m. SEcTIONAL MEETINGS 
Production Section A 


Genetics 
Room 100, Caldwell Hall 


* All events scheduled are Eastern Daylight Saving Time. 
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9: 00-12: 00 a.m. 


1: 30—- 4:00 p.m. 


4:00- 5:00p.m. 
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Production Section B 
Calf Nutrition 
Room 25, Warren Hall 
Manufacturing Section 
Chemistry 
Room 233, Plant Science Building 
Extension Section 
Opening Business Session, Teaching Methods and Ex- 
hibits, Room 125, Warren Hall 
Extension Exhibits, Room 101, Warren Hall 


RECEPTION AND DANCE, Statler Hall 


Wednesday, June 21, 1950 
SECTIONAL MEETINGS 


Production Section A 

Endocrines and Mammary Secretions 

Room 100, Caldwell Hall 
Production Section B 

Nutrition and Physiology 

Room 25, Warren Hall 
Manufacturing Section 

Cheese, Whey 

Room 233, Plant Science Building 
Extension Section 

Dairy Herd Improvement Associations and Dairy Cattle 

Breeding 
Room 125, Warren Hall 


SECTIONAL MEETINGS 


Production and Extension Sections (Joint Session) 
Symposium: Grassland Utilization and Its Relation to 
Dairying 
Bailey Hall 
Manufacturing Section 
Microbiology, Sanitation 
Room 233, Plant Science Building 


COMMITTEE AND BUSINESS MEETINGS 


Production Section, Room 25, Warren Hall 
Manufacturing Section, Room 233, Plant Science Building 


8:00-10:00 p.m. ENTERTAINMENT, Bailey Hall 
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Thursday, June 22, 1950 


9:00-11:00a.m. SECTIONAL MEETINGS AND BUSINESS MEETINGS . 


11: 00-12: 00 a.m. 


1: 30- 3:00 p.m. 


3:00- 5:00 p.m. 


7:00 p.m. 


3:00 p.m. 


8: 00-12: 00 p.m. 


Production Section A 
Feeding 
Room 100, Caldwell Hall 
Production Section B 
Reproduction 
Room 25, Warren Hall 
Manufacturing Section 
Milk, Ice Cream, Concentrated and Dry Milks 
Room 233, Plant Science Building 
Extension Section 
4-H Club Work, Committee Reports, Business Meeting 
Room 125, Warren Hall 
Production Section Business Meeting, Room 25, Warren 
Hall 
SECTIONAL MEETINGS 
Production Section A 
Management 
Room 100, Caldwell Hall 
Production Section B 
Semen Techniques 
Room 25, Warren Hall 
Manufacturing Section 
High Temperature Processing 
Room 233, Plant Science Building 
Extension Section 
Dairy Cattle Health 
Room 125, Warren Hall 
BUsINEss MEETING OF THE ASSOCIATION 
Room 25, Warren Hall 
ANNUAL BANQUET, INSTALLATION OF OFFICERS AND PRESENTA- 
TION or Awarps, Statler Hall 
J. M. SHERMAN, Department of Dairy Industry, Cornell Uni- 
versity, Toastmaster ‘ 


PROGRAM OF ENTERTAINMENT 
(Principally for the Ladies) 
Tuesday, June 20, 1950 


Tea, Martha Van Rensselaer Hall 
RECEPTION AND DANCE, Statler Hall 
(Open to all registered. ) 
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Wednesday, June 21, 1950 
1:00 p.m. COMPLIMENTARY LUNCHEON Statler Hall 


8:00 p.m. CONCERT. Endicott Johnson Workers’ Chorus, Bailey Hall 
Courtesy of Endicott Johnson Corp., Johnson City, N. Y. 
(Open to all registered. ) 


Thursday, June 22, 1950 


10:00 a.m. Tour of Taughannock Falls and Robert E. Treman State 
Parks. Complimentary picnic luncheon for ladies and 
children 

7:00 p.m. ANNUAL BANQUET, INSTALLATION OF OFFICERS AND PRESENTA- 


TION or Awarps, Statler Hall. (Open to all registered.) 


PROGRAM OF MANUFACTURING SECTION 
Tuesday, June: 20 
Afternoon Session. Room 233, Plant Science Building 


1:30- 4:30 CHEMISTRY. D. V. Josepuson, Chairman 

M1 Ion Exchange as a Means of Varying the Salt Constit- 
uents of Milk. H. S. Haier anp A. G. Morin, Bu- 

reau of Dairy Industry, U.S.D.A. : 

M2 Isolation of the Non-casein Proteins of Milk. A. R. 

in Kemp, B. C. Jounson anp A. M. Swanson, University 
of Wisconsin 

M3 A Detailed Study of the Non-protein Nitrogen Frac- 
tions in Milk. K. M. SHAHANr anp H. H. Sommer, 
University of Wisconsin 

M4_~—=sCAA:« Colorimetric Determination of Lipase. (A Prelimi- 
nary Report.) R. GREENBANK AND A. 
Wricut, Bureau of Dairy Industry, U.S.D.A. 

M5 Nephelometric Determination of Fat in Non-fat Dry 
Milk. Burper Hememann, E. J. Baupr ANp O. B. 
Parker, Producers Creamery Co., Springfield, Mo. 

M6 ~~‘ The Action of Mineral-ion Exchange Resins on Certain 
Milk Constituents. CHARLES W. GEHRKE, University 
of Missouri, and Emory F. Aumy, Ohio State Univer- 
sity 

M7 Preliminary Observations on the Electrophoresis 
Study of the Proteins in Skimmilk. W. L. SLATTER 
AND Q. VANWINELE, Ohio State University 

M8 State of Solution of the Naturally Occurring Salts in 
Milk. Inprapat S. VERMa AND H. H. Sommer, Uni- 
versity of Wisconsin 
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M9 


M10 


Mill 


M12 


Studies on Oxidized Milk Fat. MArk KEENEy AND F. 
J. Doan, Pennsylvania State College 

The Enzymatic Hydrolysis of Lactose in Dairy Prod- 
ucts and Its Determination. FRANK E. PoTTEr, Agri- 
cultural Research Administration, U.S.D.A. 

Studies on the Water-insoluble Acids of Butter. F. J. 
BABEL, Purdue University 

The Lactometer as an Instrument for Determining 
Added Water in Milk. YstTGAarp E. W. BIg, 
Towa State College 


Wednesday, June 21 


Morning Session. Room 233, Plant Science Building 
9: 00-12: 00 CHEESE, WHEY. E. L. Jack, Chairman 


M13 


M14 


M15 


M16 


M21 


M22 


Rapid Salting of Brick Cheese. H. J. Buyens anp W. 
V. Price, University of Wisconsin 

Pasteurization of Milk for Italian Cheese Curd. J. C. 
Marquarpt, New York State Department of Agricul- 
ture and Markets 

The Influence of Ultrasonic Sound Waves on Cheese 
Ripening. W. C. Winver, A. M. SwAnson AnD W. V. 
Price, University of Wisconsin 

Observations on an Exudate from Cheddar Cheese. V. 
L. ZEHREN AND A. M. Swanson, University of Wiscon- 
sin 

The Foreed-drying of Cheddar Cheese Prior to Paraf- 
fining. D. M. Irvine anp W. V. Price, University of 
Wisconsin 

The Free Amino Acids of Foreign Type Cheese. F. V. 
Kostkowsky AND A. C. DAHLBERG, Cornell University 
The Methyl Ketones of Blue Cheese. Stuart PATTON, 
Pennsylvania State College 

Tyramine Production in Cheese and in Various Bac- 
terial Cultures. JOHN A. HupFER, JR., GEORGE P. 
SANDERS AND RAupa P. Tirtster, Bureau of Dairy In- 
dustry, U.S.D.A. 

The Effect of Penicillin and Streptomycin on Swiss 
Cheese Starters. R. E. Harcrove, H. E. WAuter, J. 
P. MALKAMEs AND K. T. MAsKELL, Bureau of Dairy In- 
dustry, U.S.D.A. 

Observations on a Gelatinous Curd Type of Spoilage 
of Cottage Cheese. R. B. Parker, V. N. Smira AND 
P. R. EwwiKer, Oregon State College 
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M23 Low Cost and Small Seale Methods for Concentrating 
Whey for Feed. A. H. Stevens, Bureau of Dairy In- 
dustry, U.S.D.A. 


Wednesday, June 21 
Afternoon Session. Room 233, Plant Science Building 


1:30—- 4:00 MICROBIOLOGY, SANITATION. J. H. Herrick, 

Chairman 

M24 The Utilization of Whey in the Microbiological Syn- 
thesis of Riboflavin. ABRAHAM LEVITON AND EARLE O. 
Wuirtier, Bureau of Dairy Industry, U.S.D.A. 

M25 Strains of Streptococcus faecalis Present in a Starter 
Used in the Manufacture of Cheddar Cheese. A. C. 
DAHLBERG AND F. V. Kostkowsky, Cornell University 

M26 Bacterial Studies of the High-temperature Short-time 
Pasteurization of Iee Cream Mix. F. W. BARBER AND 
H. P. Hopes, National Dairy Research Laboratories, 
Ine. 

M27° The Influence of pH on Proliferation of the Lactic 
Streptococcus Bacteriophage. W. W. Overcast, F. 
E. NEtson Anp C. E. PARMELEE, Iowa State College 

M28 Changes in Bacteriophage and Sensitive Organism 
Populations in a Commercial Mixed Culture. C. E. 
PARMELEE, F'. E. NELSON AND W. W. Overcast, Iowa 
State College 

M29 A Study on the Psychrophilic Bacteria. in Market 
Milk. F. A. Roaicxk anp L. H. Burewanp, Ohio State . 
University 

M30 Effects of Storage on Penicillin in Dairy Products. 
W. A. KRIENKE ANp E. L. Fouts, University of Flor- 
ida 

M31 Organic Chelating Agents as an Aid to Dairy Deter- 
gency. G. A. CLAYBAUGH AND J. M. JENSEN, Michigan 
State College 

M32 A Comparison of Phosphatase Tests Using Different 
Buffers, Precipitants and Periods of Incubation. 
GeEorce P. SANDERS AND JOHN A. Huprer, JR., Bu- 
reau of Dairy Industry, U.S.D.A. - 

M33 Phosphatase Measurements on High Temperature 
Vacuum Pasteurized Churning Cream and Ice Cream 
Mix. G. H. Witster anp JuNIus Covineton, Oregon 
State College 

M34 Factors Affecting Production of Proteolytic and Co- 
agulating Enzyme by Streptococcus liquefaciens. A. 
T. DupANI F. E. Neuson, Iowa State College 
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4:00— 5:00 BUSINESS MEETING 


| Thursday, June 22 
Morning Session. Room 233, Plant Science Building 


| 9: 00-12: 00 MILK, ICE CREAM, CONCENTRATED AND DRY 
MILKS. E. L. Jack, Chairman 
| M35 Taking Representative Milk Samples from Weigh 
| Tanks. J. C. MArquarpt, New York State Depart- 
ment of Agriculture and Markets 
M36 Determination of Quaternary Ammonium Compounds 
| in Milk and in Detergent Sanitizer and Buffered Qua- 
ternary Solutions. D. D. MILLER ANp P. R. ELLIKer, 
Oregon State College 
M37 Ion Exchange as a Means of Improving the Keeping 
' Quality of Frozen Homogenized Milk. H. S. HALLER 
AND R. W. Bett, Bureau of Dairy Industry, U.S.D.A. 
M38 Observations on the Effect of Additions of Heat 
Thickened Protein to Fluid Milk on the Creaming 
ti Phenomenon. A. C. SmitH ANp F. J. Doan, The 
i Pennsylvania State College 
) M39 The Effectiveness of Some Antifoaming Agents in the 
Condensing of Skimmed Milk and Whey. J. RoBErt 
Brunner, Michigan State College 
M40 The Antioxidant Properties of Nordihydroguaiaretic 
Acid in Cream Pasteurized at Various Temperatures. 
B. T. KaRNANI, DIONISIOS A. THEOKAS AND VLADIMIR 
N. Kruxkovsky, Cornell University 
M41 Stability of Evaporated Milk as Influenced by Vari- 
ous Conditions of Homogenization. R. B. MAxcy 
AND H. H. Sommer, University of Wisconsin 
M42 Separation of Fat and Protein in Sterilized Milks 
During Storage. B. H. Wess, E. F. DEysHER, C. F. 
HUrNaGEL AND F. E. Potter, Bureau of Dairy Indus-’ 
try, U.S.D.A. 
M43 The Use of Concentrated Essence for Improving the 
Flavor of Strawberry and Peach Ice Cream. C. C. 
Fuora, L. L. DAvis anp C. W. Honpaway, Virginia 
Agricultural Experiment Station 
M44 Some Relationships of the Oxidation-reduction Sys- 
tems of Milk to the Keeping Quality of the Dry Prod- 
i uct. H. A. HARLAND, S. T. COULTER AND R. JENNEss, 
Umversity of Minnesota 
M45 =A Dise Method of Filtration for Roller Process Non- 
fat Dry Milk Solids. D. R. StrRopen Anp C. J. Bas- 
cock, Research Division, Dairy Branch, U.S.D.A. 
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M46 Comparison of the Yield of Non-fat Dry Milk Solids 
when Using Three Types of Spray Drying Equip- 
ment. Bren M. ZAKARIASEN AND GUNNER E. NELSON, 
Land O’Lakes Creameries, Inc. 


Thursday, June 22 
Afternoon Session. Room 233, Plant Science Building 


1: 30- 3:00 HIGH TEMPERATURE PROCESSING. D. V. JosepH- 
son, Chairman 
M47 «Effect of Heating on the Diffusion of Calcium, Mag- 
nesium, Phosphorus and Citric Acid. T. D. HARMAN 
AND W. L. SuAtTEr, Ohio State University 
M48 The Operation of a Spray Drier at High Tempera- — 
ture and under Pressure. V. H. TOWNLEY Anp S. T. 
CouuTer, University of Minnesota 
M49 The Changes Produced in the Ultrafilterable Calcium, 
Phosphorus and Nitrogen Components of Skim Milk 
during Processing in a Mallory Heat Exchanger. E. 
A. Brernarponi AND S. L. Tuckey, University of Il- 
linots 
M50 Effect of High-temperature Short-time Heat Treat- 
ments of Milk on the Denaturation of Albumin and 
_ Globulin. J. H. Herrick, Dean Milk Co., and P. H. 
Tracy, University of Illinois 
M51 Lactose Degradation in Heated Milk. Stuarr PArt- 
Ton, Pennsylvania State College 
3:00- 5:00 BUSINESS MEETING OF THE ASSOCIATION 


PROGRAM OF PRODUCTION SECTION 
Tuesday, June 20 


Afternoon Session 


1: 30+ 4:30 Section A. GENETICS. G. M. Cairns, Chairman 
Room 100, Caldwell Hall 


P1 A Study of the Inheritance of Persistency in Milk 
Production. M. H. ALEXANDER, University of Illinois — 

P2 Some of the Effects of Calving Interval on Milk and 
Butterfat Production of Ayrshire Cattle. W. J. Ty- 
LER AND GEorGE Hyatt, JR., West Virginia University 

P3 A Study of the Type Ratings of Daughters of Sires 
and Dams that have been Classified for Type. W. J. 
Tyrer, West Virginia University 

P4 Preliminary Report on the Production Records of 
Crossbred Dairy Cattle. J. P. LAMAsTER, G. W. 
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P5 


P6 


P7 


P8 


P9 


P10 


Pll 


Branpt AND C. C. BRANNON, South Carolina Agricul- 
tural Experiment Station, and M. H. FourMan, Bu- 
reau of Dairy Industry, U.S.D.A. 

Inheritance of Butterfat Test in the Beltsville Holstein 
Herd. JosepH B. PARKER AND CHARLES A. MATTHEWS, 
Bureau of Dairy Industry, U.S.D.A. 

A Selection Index for Fat Production Utilizing the 
Fat Yields of the Cow and Her Relatives. J. E. 
LeGAtges AND Jay L. Lusu, Iowa State College 

An Index for the Effects of Certain Environmental 
Influences on Dairy Cattle Production. N. D. BAayLEy 
AND E. E. HEIsEr, University of Wisconsin 
Heritability of Fertility in Dairy Cattle. R.S. Dun- 
BAR, JR. AND C. R. HENDERSON, Cornell University 
Predicting the Breeding Efficiency of Dairy Cows. 
DuRWARpD OLps AND D. M. Seatu, Kentucky Agricul- 
tural Experiment Station 

The Frequency Distribution of Cellular Antigens in 
Five Breeds of Dairy Cattle. L. C. Ferauson, E. J. 
LAZEAR AND Forpyce Ety, Ohio State University 
Length of Gestation in the Five Major Breeds of Dairy 
Cattle. M. H. ALEXANDER, University of Illinois 


Section B. CALF NUTRITION. L. O. Gmumorg, Chair- 


man 


P12 


P13 


P14 


P15 


P16 


Room 25, Warren Hall 


The Preparation of a Riboflavin-deficient Milk for 
Experimental Calf Feeding. E. G. Moopy, S. M. 
Anp N. S. Lunpquist, Purdue University 
The Influence of Rumen Inoculations on the Digesti- 
bility of Dry Matter, Cellulose and Protein in Young 
Dairy Calves. H. R. Conrap, J. W. Hipss, W. D. 
PouNDEN AND T. S. Sutton, Ohio Agricultural Ex- 
periment Station 

Variations in Digestibility of Certain Characteristic 
Rumen Microorganisms and Some Effects of their 
Absence on Calves. W. D. PouNDEN AND J. W. Hiss, 
Ohio Agricultural Experiment Station 

Some Chemical and Physical Characteristics of the 
Contents of the Alimentary Tract of Calves at Time 
of Birth. D. B. PArriso Anp F. C. Fountaine, Kan- 
sas Agricultural Experiment Station 

Postpartum Development of Bovine Stomach Com- 
partments and Observations on Some Characteristics 
of their Contents. Smney P. MArsHatu, P. T. Dix 
ARNOLD AND R. B. BECKER, University of Florida 
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P17 The Growth of Dairy Calves on Purified Diets. G. 
P. Lorereen, University of California 

P18 The Nutritive Value of Starch and the Effect of Lac- 
tose on the Nutritive Values of Starch and Corn 
Syrup in Synthetic Milks for Young Calves. R. J. 
Furpse, C. F. HurrMan, C. W. Duncan Anp H. D. 
Wesster, Michigan Agricultural Experiment Station 

P19 Is A. P. F. of Value in a Calf Starter for Calves 
Weaned from Milk at an Early Age? L. L. Rusorr 
AND M. O. Haq, Louisiana State University 

P20 . A. P. F. Supplements in Milk Replacements for Dairy 
Calves. J. B. Anp C. B. Knopr, Pennsyl- 
vania Agricultural Experiment Station 

P21 Serum Protein Fractions of Calf Blood as Influenced 
by Colostrum and Skim Milk. R. F. Etiiorr ANp 
Ceci, Conuey, Kentucky Agricultural Experiment 
Station 

P22 The Effect of Kind of Carrier and Method of Disper- 
sion on the Absorption of Carotene by Young Dairy 
Calves. J. W. CRowney Anp N. N. ALLEN, University 
of Wisconsin 

P23 The Riboflavin Requirement of the Very Young Calf. 
GERMAIN J. BRissun AND T. S. Sutton, Ohio State 
University 

P24 Synthesis of Certain B-vitamins in the Digestive 
Tract of Dairy Calves. E. M. Keser ann C. B. 
Knopt, Pennsylvania State College 


Wednesday, June 21 
Morning Session 


9: 00-12: 00 Section A. ENDOCRINES AND MAMMARY SECRE- 
TIONS. G. M. Cairns, Chairman 


Room 100, Caldwell Hall . 
P25 The Effects of Estrogen and Progesterone on the Ar- is 
terial System of the Uterus of the Cow. Wrmiiam 
HANsEL, Cornell University 
P26 The Fertility of Heifers Following Administration 
of Progesterone to Alter the Estrual Cycle. E. L. 
Wuuert, American Foundation for the Study of 
Genetics 
P27 A Preliminary Report on the Role of Progesterone in 
the Maintenance of Pregnancy in the Cow. JAMES 
J. RAESIDE AND C. W. TuRNER, Missouri Agricultural 
Experiment Station 
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P28 


P29 


P30 


P31 


P32 


P33 


P34 


P35 


P36 


P37 


Relative Reactions of European and Indian Cattle to 
Changes in Environmental Temperature. S. Bropy, 
H. H. Krister, A. C. RAcspa.e, Missouri Agricultural 
Experiment Station; H. J. THompson, U.S.D.A. 

A Study of the Effect of Two and Three Times a Day 
Milking Upon Milk Yield. J. G. CAsH AND W. W. 
Yapp, University of Illinois 

Observations of the Rate of Milk Removal. K. E. 
HaArsHparcer, University of Illinois 

The Utilization of Acetic Acid by the Perfused Mam- 
mary Gland. G. L. McCtymont anp J. C. SHaw, 
Umiversity of Maryland 

Variations in Residual Milk Obtainable by Oxytocin 
Injections. Eric W. Swanson Anp S. A. HInTon, 
University of Tennessee 

Evaluation of Mammary Gland Development of 
Heifer Calves. J. H. Boox, W. W. Swert Anp C. A. 
MATTHEWS, Bureau of Dairy Industry, U.S.D.A. 
Effects of Udder Innunction with Diethylstilbestrol 
on Mammary Congestion in First-calf Heifers. Jo- 
sEPH MeE!TEs, R. E. Horwoop, E. P. REINEKE, C. S. 
BRYAN AND E. 8: SmiLEy, Michigan Agricultural Ex- 
periment Station 

Estimation of the Thyroxine Secretion Rate without 
Sacrifice of the Animals. G. W. Pipes, C. R. Buin- 
COE AND Kuane-Mer Hsiru, Missouri Agricultural 
Experiment Station 

Persistence of Different Causative Organisms in Mas- 
titis Infections. Lioyp A. BuRKEy, CEecELIa R. Buck- 
NER AND W. W. Swett, Bureau of Dairy Industry, 
U.S.D.A. 

Factors Involved in the Whiteside Reaction. W. E. 
PETERSEN, J. F. GRIMMELL AND I. A. SCHIPPER, Um- 
versity of Minnesota 


Section B. NUTRITION AND PHYSIOLOGY. L. 0. 
GitmorE, Chairman 


P38 


P39 


P40 


Room 25, Warren Hall 

The Influence of Soybean Hay on Reproduction in 
the Rabbit. K. A. KENDALL ANp G. W. SALISBURY, 
University of Illinois 

A Duodenal Fistula for Physiological Studies in the 
Bovine. G. M. Warp, F. W. Young anp C. F. Hurr- 
MAN, Michigan State College 

Tests with Sulphur Dioxide for Forage Preservation. 
J. B. SHepHerD, H. G. Wiseman, R. E. Ety, C. G. 
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MEuIn,.C. H. Gorpon; L. G. SCHOENLEBER AND L. E. 
CAMPBELL; W. H. Hosterman, Bureau of Dairy In- 
dustry, Bureau of Plant Industry, Soils and Agricul- 
ture Engineering, and Production and Marketing Ad- 
ministration, U.S.D.A. 

A Comparison of Fecal Nitrogen Excretion Rate, 
Chromium Oxide and ‘‘Chromogen (s)’’ Methods for 
Evaluating Forages and Roughages. P. G. Woo.- 
FOLK, C. R. RicHarps, R. W. KAuFMANN, C. M. MaAr- 
TIN AND J. T. Rew, Cornell University 

A Study of the Use of Chromium Oxide and Lignin 
as Indicators of Digestibility. E. A. Kang, W. C. 
JAcopson AND L. A. Moore, Bureau of Dairy Indus- 
try, U.S.D.A. 

The Effect of Dosage Level and Method of Adminis- 
tration of DDT on the Concentration of DDT in Milk. 
R. E. Ely ANp L. A. Moors, R. H. Carter, H. D. 
MANN AND F. W. Poos, Bureau of Dairy Indus- 
try, Bureau of Entomology and Plant Quarantine, 
U.S.D.A. 

Studies on Casein Utilization by Young Calves by Use 
of Radioactive Tracers. G. P. LorGrEEN, University 
of California 

The Biological Activity of Alpha and Beta Casein- 
thyroprotein. M. B. BeHrens, G. W. Pipes ANp C. 
W. Turner, Missouri Agricultural Experiment Sta- 
tion 

Thyroxine Content of Synthetic Thyroprotein as De- 
termined by a Radioactive Isotope Dilution Technic. 
E. P. REINEKE, D. P. WALLACH AND L. P. WOLTERINK, 
Michigan State College 
The Influence of Thyroprotein Feeding on Gains in 
Body Weight of Dairy Calves. Rapa P. Reece, New 
Jersey Agricultural Experiment Station 

The Use of X-Rays for the Detection of Rickets in 
Calves. J. W. THomas, Bureau of Dairy Industry, 
U.S.D.A. 

An Approach to the Problem of the Etiology of Keto- 
sis in Dairy Cows. B. C. Hatziouos anp J. C. SHAW, 
University of Maryland 


Wednesday, June 21 


Afternoon Session. Bailey Hall 


JOINT MEETING OF PRODUCTION AND EXTEN- 
SION SECTIONS 


G. M. Cairns anp C. W. Reaves, Co-chairman 
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Symposium—Grassland Utilization and its Relation to Dairy- 
ing 

1. The Significance of Grassland Farming in the Dairy Econ- 
omy. F. B. Morrison, Cornell University 

2. The Composition and Conservation of Forages. L. A. 
Moore, Bureau of Dairy Industry, U.S.D.A. 

3. Pastures and the Dairyman. V. G. Spracuz, Northeastern 
Regional Pasture Laboratory 

4. The Extension Dairyman and Grassland Farming. 
GrorGE WERNER, University of Wisconsin 


JOINT COMMITTEE REPORTS 

The Program of the Purebred Dairy Cattle Association. 
Frep Iprse, Secretary, Purebred Dairy Cattle Associa- 
tion 

Breeds Relations. A. R. Porter, Chairman 

Dairy Cattle Health. Jor Nacrottre, Chairman 

Dairy Cattle Breeding. J. S. TAytor, Chairman 

Type Classification. L. O. GiuMorE, Chairman 


Thursday, June 22 
Morning Session 


Section A. FEEDING. G. M. Carrns, Chairman 
Room 100, Caldwell Hall 

P50 Kentucky 31 Fescue as a Dairy Pasture in Northern 
Ohio. Avery D. Pratr aNp JAMEs L. HAYNEs, Ohio 
Agricultural Experiment Station 

P51 Fourteen Years with Supplementary Pastures. N. R. 
THOMPSON AND C. W. Houpaway, Virginia Agricultu- 
ral Experiment Station 

P52 The Effects of Partial Replacement of Alfalfa Hay 


with Concentrate on Milk Production. K. A. KEn-. 


DALL AND R. D. ENaserson, University of Illinois 

P53 Efficiency of Silage and Extra Grain Feeding for 
Maintaining Summer Milk Production. Dwieur M. 
SEaATH AND F. Kentucky Agricul- 
tural Experiment Station 

P54 Rates of Grain Feeding for Dairy Heifers on Tem- 
porary and Permanent Winter Pasture. S. H. Mor- 
RISON AND J. F. DEAL, University of Georgia 

P55 Kudzu and Fescue-ladino Clover Silage for Dairy 
Cows. W. A. KING anp J. P. LAMAstsr, South Caro- 
lina Agricultural Experiment Station 

P56 Farm Grains vs. a Medium Protein Concentrate Mix- 
ture for Cows. K. E. Garpner, University of Illinois 
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P57 The Relative Palatability of Expeller and Extracted 
Linseed Meal in Dairy Cow Rations. N. N. ALLEN, 
University of Wisconsin 


9: 00-11: 00 Section B. REPRODUCTION. L. O. Gmmorg, Chairman 
Room 25, Warren Hall 
P58 Preliminary Observation on the Effects of Nutrition 
on the Quality and Quantity of Bovine Semen. H. 
H. Ouson, W. E. PETERSEN, T. W. GULLICKSON AND 
J. N. Cummrines, University of Minnesota 
P59 <A Preliminary Report on the Effect of the Site of 
Semen Deposition on Fertility in Artificial Insemina- 
tion. G. W. SALISBURY AND N. L. VANDEMARK, Uni- 
| versity of Illinois 
P60 Spermatozoan Transport in the Reproductive Tract 
of the Cow. N. L. VANDEMARK ANp A. N. MOELLER, 
Umiversity of Illinois 
P61 The Effect of Sterile Copulation on the Time of Ovu- 
lation in Dairy Heifers. GErMarin B. MARION, VEARL 
R. THomas E. Winey anp GEorRGE R. BARRETT, 
University of Wisconsin 
| P62 Measuring Reproductive Efficiency in Dairy Cattle. 
F. A. BuscHner, R. E. Jonnson, C. I. Buiss anp A. A. 
SPreLMAN, University of Connecticut 
P63 The Sex Ratio in Calves Resulting from Artificial 
Insemination. K. E. GarpNer, University of Illinois 
P64 Artificial Breeding in Alaska and the Effect of Extra ~ 
| Light During the Short Winter Days. WiulAm J. 
Sweetman, Alaska Experiment Station 


11: 00-12: 00 PRODUCTION SECTION BUSINESS MEETING, 
Room 25, Warren Hall 


Thursday, June 22 
Afternoon Session 


1: 30— 3:00 Section A. MANAGEMENT. G. M. Cairns, Chairman 

Room 100, Caldwell Hall 

P65 Nutritive Value of Crops and Cows’ Milk as Affected 
by Soil Fertility. II. The Amino Acid Composition 
of Colostra and Milk. C. W. Duncan, K. M. Dunn 
AND GERTRUDE I. Watson, Michigan Agricultural Ex- 
periment Station 

P66 Dairy Cow Stall Studies. I. D. PoRTERFIELD, GEORGE 
Hyatt, Jr., D. P. Brown anp A. D. LONaHOusE, West 
Virginia University 
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P67 


P68 


P69 


P70 


Calf Losses from Disease. H. P. Davis, University 
of Nebraska 

Relation of Production Records of Cows and Effi- 
ciency Management of the Dairy Farm. LEo R. Fry- 
MAN, University of Illinois 

Relation of Gestation to Body Weights of Cows on. 
Long-time Feeding Trials. R. B. BEckrr, P. T. Dix 
ARNOLD AND SipNEy P. MarsHa.u, Florida Agricul- 
tural Experiment Station 

The Influence of Oestrum on Weights of Holstein and 
Jersey Heifers. H. B. Morrison, Kentucky Agricul- 
tural Experiment Station 


3:00 Section B. SEMEN TECHNIQUES. L. O. 
Chairman 


P71 


P72 


P73 


P74 


P75 


P76 


Room 25, Warren Hall 


The Effect of a Combination of Penicillin, Strepto- 
mycin and Sulfanilamide upon the Fertility of Bull 
Semen. J. O. ALMQuisT AND P. W. PRINCE, Pennsyl- 
vania State College 

Bull Semen Toxicity of Various Salts, Brands and 
Lots of Penicillin, Streptomycin, Aureomycin and 
Chloromycetin. JAMEs G. SYKEs AND JOHN P. Mix- 
NER, New Jersey Agricultural Experiment Station 
The Influence of Aureomycin upon the Livability and 
Bacterial Content of Bull Semen. R. M. Myers, J. 
O. ALMQuIsT AND P. W. PrINcE, Pennsylvania State 
College 

Hyaluronidase and Fertility of Dairy Bull Semen. 
JAMES E. JOHNSTON AND JOHN P. MIxnEr, New Jersey 
Agricultural Experiment Station 

A Comparison of Two Streptomycin Compounds Used 
in Diluted Bull Semen. H. L. Eastersrooxs, P. 
W. N. Puastripez, E. L. JUNGHERR AND F. I. 
Euuiorr, University of Connecticut 

Results of Breeding Dairy Cows with Egg Yolk Ci- 
trate and Ortho Semen Diluters. Victor Hurst, 
South Carolina Agricultural Experiment Station 


PROGRAM OF EXTENSION SECTION 


Tuesday, June 20 


Afternoon Session. Room 125, Warren Hall 


1: 30— 4:30 OPENING BUSINESS SESSION AND TEACHING 
METHODS AND EXHIBITS. C. W. Reaves, Chairman 
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Address: Effects of Extension in New York. L. R. Simons, 

Director of Extension, Cornell University 

El Master Package for Integrated County Meetings on 
Dairy Farm Management. S. N. Gaunt, Massachu- 
setts State College 

E2 Dairy Sub-committee Work in the County Agricul- 
tural Planning Program. A. HoLuey, Univer- 
sity of Arkansas 
Report of Teaching Methods Committee 
Explanation and Discussion of Exhibits. JoHn W. 
Foster, University of Kentucky, in charge 
(Exhibits in Room 101, Warren Hall) 


Wednesday, June 21 
Morning Session. Room 125, Warren Hall 


9: 00-12: 00 DAIRY HERD IMPROVEMENT ASSOCIATIONS 
AND DAIRY CATTLE BREEDING. Ray ALBRECTSON, 
Chairman 
E3 Symposium on DHIA Organization, Operation and 
Record Analysis by Dairy Records Committee. R. 
G. CONNELLY, Committee Chairman 
A. Selection, Training and Orientation of 
DHIA Personnel. C. R. GEARHART, Pennsyl- 
vama State College, anv ASSOCIATES 
B. DHIA Record Analyses— 
Month to Month Analyses. D. L. VoEL- 
KER, Iowa State College, AND ASSOCIATES 
Annual Analyses. J. F. KENDRICK, Bu- 
reau of Dairy Industry; L. H. St1n- 
NETT, Oklahoma A. and M, College, AND 
ASSOCIATES 
C. Organization and Operation of DHIA’s. J. 
D. Burke, Cornell University, anp Assoct- 
ATES 
E4 A Comparison of Monthly, Bi-monthly, and Quar- 
terly Tests for Estimating Milk and Butterfat Pro- 
duction of Dairy Cattle. J. E. Statuarp, University 
of Wisconsin 
Report of Dairy Records Committee 
E5 The Nature of Reproductive Failures in Dairy Cattle. 
Illustrated. T. Y. Tanase, Pennsylvania State Col- 
lege 
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Wednesday, June 21 
Afternoon Session. Bailey Hall 


1:30— 4:00 JOINT MEETING OF EXTENSION AND PRODUC- 
TION SECTIONS AND JOINT COMMITTEE RE- 
PORTS. (See Production Section Program) 


4:00- 5:00 COMMITTEE AND BUSINESS MEETINGS 
Thursday, June 22 
Morning Session. Room 125, Warren Hall 


9: 00-12: 00 4-H CLUB WORK, COMMITTEE REPORTS, BUSI- 

NESS MEETING. 

C. W. REAvEs, Chairman 

E6 Methods Used in Promoting the Junior Dairy Project. 
GLEN W. VERGERONT, University of Wisconsin 

E7 How the American Dairy Science Association and the 
U. 8S. Department of Agriculture Can Aid in the De- 
velopment of 4-H Dairy Club Plans and Program. 
E. W. Alton 

E8 Present Dairy Achievement Day and Dairy 4-H Show 
Ring Activities and How They Can Be Improved. 
L. A. Hiaetns, Mississippi 

E9 Judging Contests, Their Development and Limitations. 
H. R. SEARLES, Minnesota 

E10 Exhibit of Materials Used in Training 4-H Club Mem- 
bers and 4-H Club Leaders. RaLPH PORTERFIELD, 
Maryland 
Report of 4-H Club Committee. M. J. Regan, Com- 
mittee Chairman 


COMMITTEE REPORTS 
BUSINESS MEETING 
Thursday, June 22 
Afternoon Session. Room 125, Warren IIall 
1: 30- 3:00 DAIRY CATTLE HEALTH. C. W. ReAves, Chairman 

Ell MHyperkeratosis. Prrer Ouarson, Cornell University 

E12 Methods of Conducting an Educational Program on 
Area Brucellosis Control. E.C. ScHEMDENHELM, Rut- 
gers University 

E13 Dairy Stable Ventilation for Mastitis Prevention. 
JOSEPH C. NAGEOTTE, Pennsylvania State College 

E14 _ Bacteria in the Cow’s Udder Associated With Mastitis. 
JAMEs J. REID, Pennsylvania State College 

E15 Control of Coccidiosis in Dairy Cattle. Reap L. 
Davis, Federal Regional Disease Laboratory, Alabama 
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May, 1950 


NUMBER 5 


ABSTRACTS OF LITERATURE 


Prepared in cooperation with the 
International Association of Ice Cream Manufacturers 
and the Milk Industry Foundation 


BOOK REVIEWS 


325. The Market Milk Industry. C. L Roap- 
HOUSE AND J. L. HENDERSON. 2nd ed. Mc- 
Graw Hill Book Co., Inc., New York, N. Y. 716 
pp- $7.00. 1950. 


This widely used text seems to have been 
thoroughly revised to incorporate postwar changes 
in methods and added knowledge in the field. 
Bulk collection of milk from the farm which has 
been going on for some time in the authors’ state, 
California, is treated in some detail. More space 
is given to the STHT system of pasteurization, 
newer cleaning and sterilizing materials, homog- 
enized milk and several newer products such as 
frozen milk and cream, plastic cream, hydrated 
milk, recombined milk and yoghurt. 

The volume is a complete treatise on the mar- 
ket milk industry. Farm production conditions, 
especially as they affect the esthetic and sanitary 
quality of the milk, are well covered. Besides 
milk plant construction and operation, both distri- 
bution and pricing plans show the effects of re- 
cent thinking. The portion on the milk plant lab- 
oratory and its operation should prove helpful to 
every person concerned with laboratory control. 

The volume contains 171 illustrations most of 
which readers will recognize as new. The index 
covers 25 pages. E. F. Goss 


326. Manual for the Cheese Industry. J. C. 
Marguarpt, Marquardt Publishing Co., Geneva, 
N. Y. 91 pp. $3.00. 


This manual is a compact booklet which briefly 
outlines making procedures for such types of 
cheese as American, cottage and cream, as well as 
process cheese, process cheese food and process 
cheese spreads. No attempt is made to discuss the 
fundamentals of cheesemaking. 

Very little information is given on the difficul- 
ties normally encountered in cheesemaking or 
methods of solving the more common types of 
manufacturing problems. Brief discussions on 
milk composition, plant sanitation, starter making 
and calculations are included. The author states 
that it was his aim to condense the manual so that 
facts of immediate concern with better cheese- 
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making are at hand. This manual will be of par- 
ticular interest to those desiring a “thumb nail” 
sketch of the cheese industry and those wanting 
a quick, handy reference to the more common 
types of making procedures. H. E. Calbert 


327. Industrial Microbiology. 2nd ed. S. C. 
Prescott AND C. G. Dunn. McGraw-Hill Book 
Co., Inc., New York, N. Y. xii+923 pp. $8.50. 
1949. 


Considerable revision and expansion has been 
incorporated in this new edition. The. treatment 
of the yeasts (primarily those of industrial im- 
portance for carbohydrate utilization) has been 
enlarged and rearranged. Considerable informa- 
tion on newer fermentations has been added. 
Material on utilization of whey for production of 
ethyl alcohol has been incorporated. Five new 
chapters, including one on antibiotics, have been 
added. Most of the ‘material on lactic acid fer- 
mentations, fermented milks, cheese and other 
food products remains unchanged from the first 
edition. F. E. Nelson 


ANIMAL DISEASES 
W. D. POUNDEN, SECTION EDITOR 


328. The brucella ring test in mixed raw milk 
supplies. H. E. Bremer, Vt. Dept. Agr., Mont- 
pelier, Vt. Am. J. Pub. Health, 40, 3: 290-292. 
Mar., 1950. 


Composite samples were taken from the pro- 
ducers’ milk cans to avoid vat contamination. 
Where the herd milk showed a positive or sus- 
picious reaction with the ring test, a blood test on 
the individuals in the herd would reveal positive 
or suspicious animals. Complete comparisons 
could not be made since not all the herd showing 
such positive or suspicious ring tests were blood 
tested. The author concludes that the ring test is 
of value in helping to improve the safety of the 
raw milk supply and since it is much less expen- 
sive than the blood test, it can be applied more 
often to detect early herd infection. 

D. D. Deane 
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329. The possibility of disease-free herds. J. C. 
Buxton. J. Soc. Dairy Technol., 2, 4: 201-207. 
July, 1949. 


The general methods of detecting and control- 
ling diseases of cattle are discussed. Emphasis is 
placed on brucellosis, tuberculosis, Johne’s dis- 
ease and mastitis. E. M. Foster 


330. Method and article for treatment of mam- 
mary glands. F. E. Martin. U. S. Patent 
2,498,374. 10 claims. Feb. 21, 1950. Official 
Gaz. U. S. Pat. Office, 631, 3: 818. 1950. 


For treating mastitis, an antibiotic-containing 
material which is rigid at normal temperature 
is dispersed into the teat canal by being forced 
out of a tube-like device which is inserted in the 
teat opening. R. Whitaker 


BUTTER 
O. F. HUNZIKER, SECTION EDITOR 


331. Aluminum foil wraps for print butter. A. 
H. Wuire. Can. Dairy Ice Cream J., 29, 2: 46- 
52. Feb., 1950. 


The new foil wrapper which has been devel- 
oped in Canada and United States consists of a 
thin 0.0045” aluminum foil laminated to a light- 
weight parchment of 15 lb./ream. In some cases, 
the parchment has been of 27 lb. weight. The foil 
usually is treated with a protective coating to pre- 
vent corrosion from brine. The aluminum foil 
wrapper combines the good characteristics of veg- 
etable parchment with the added protective quali- 
ties of the impermeability of aluminum foil to 
water, vapor, odors and light. Results indicate 
that the foil wrapper proved to be much superior 
to parchment alone in preventing deterioration of 
the surfaces of prints, absorption of foreign odors 
and flavors, action of sunlight, loss of weight and 
color changes at the surface. Some disadvantages 
of the foil wrap are (a) extra cost; (b) the sharp 
edge of the foil may cause cuts when butter is 
wrapped by hand; (c) the foil may become 
wrinkled and lose some of its attractivenes-; (d) 
foil does not give as much physical protectic. to 
butter as parchment plus a waxed carton. 

H. Pyenson 


332. Sediment testing of cream and butter. J. 
D. Inete, Swift and Co., Chicago. Natl. Butter 
Cheese J., 41, 2: 28-29. Feb., 1950. 


The ideal method of making the sediment test 
is one that will work on all types of cream, will 
not impair the quality of the cream or alter its 
churning properties due to added material and 
will be rapid enough so that it does not delay 
factory operations. 


The condition of the protein in sour cream 
makes sediment testing of this product difficult. 
Field tests showed that use of a 10% solution of 
sodium citrate or a 3% solution of phosphoric 
acid was most effective in conditioning the cream 
so that pt. samples could be filtered without un- 
due delay. 

Compared with cream, the sediment testing of 
butter is relatively simple. Seven-cm. filter paper 
is recommended for laboratory use when a care- 
ful microscopic examination of butter sediment 
is to be made. H. E. Calbert 


333. Butter package. C. G. Bennertr. (As- 
signor to Paterson Pacific Parchment Co.). U. S. 
Patent 2,497,203. 2 claims. Feb. 14, 1950. 
Official Gaz. U. S. Pat. Office, 631, 2: 418. 1950. 


A sheet of moisture-proof material and a sheet 
of water-permeable material, laminated together 
with a layer of mold-retarding substance, such as 
Na or Ca propionate with salt, between the sheets, 
is used as a wrapper for butter. The moisture- 
proof side of the wrapper is on the outside. 

R. Whitaker 


CHEESE 
A. C. DAHLBERG, SECTION EDITOR 


334. Present-day methods of Stilton cheese 
manufacture. T. J. BrinpLey. J. Soc. Dairy 
Technol., 3, 1: 13-15. Oct., 1949. 


Two methods used to make Stilton cheese are 
described briefly. In the method used in some of 
the larger factories the curd is cut in 0.5-in. cubes 
and allowed to remain undisturbed in the vat for 
about 4 hr. After the whey is drained off, the 
curd is ladled onto perforated drainers in sinks, 
allowed to settle and cut into 4-in. blocks. The 
next morning the curd is broken apart, milled, 
salted and filled into perforated hoops. The 
cheeses are turned at intervals for about 5 or 6 d. 
to facilitate even drainage, after which they are 
moved to a cool, well ventilated room to dry the 
surface. The cheeses are pierced with needles at 
weekly intervals for 3 wk. beginning at about 8 
wk. after manufacture. Inoculation of the curd 
with mold spores is left to chance. 

The method in general use is essentially similar 
to that described above except in handling the 
curd. In this method the curd is not cut but is 
ladled soon after its formation into coarse linen 
cloths supported on laths or wires. As drainage 
progresses the cloths are tied tighter and tighter 
until the curd is sufficiently firm to transfer onto 
drainers, after which it is handled as described 
above. E. M. Foster 
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335. History of the Stilton cheese industry. J. 
G. W. Srarrorp. J. Soc. Dairy Technol., 3, 1: 
11-13. Oct., 1949. 


The origin of Stilton cheese is described. 
M. Foster 
Also see abs. no. 326, 327, 343, 352. 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


F. J. DOAN, SECTION EDITOR 


336. Vacreator as a milk evaporating unit. R. 
W. Brown anp J. J. Janzen. Can. Dairy Ice 
Cream J., 29, 1: 56-62, 76. Jan., 1950. 

The vacreator has been used as an evaporating 
unit at the Dairy Science Department at the Uni- 
versity of Manitoba during the summers of 1946, 
1947 and 1948. 261,131 lb. of skim milk and 
buttermilk were evaporated at approximately a 
3.12:1 ratio. The product was circulated through 
the vacreator at 160-165° F. By concentrating 
the product to 24.0% milk solids instead of to 
28.0%, the loss of solids in the processing was 
reduced by an average of more than 50%. The 
net return per 100 Ib. of skim milk and butter- 
milk amounted to. over $1.00 or approximately 5 
times the usual value placed on. these products. 
The vacreator-produced skim milk and skim milk 
and buttermilk mixtures were found to be prefer- 
able to skim milk powder of unspecified charac- 
teristics when used in ice cream mixes. 

H. Pyenson 


DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 


337. The incidence of coliform and milk souring 
- organisms in Welsh farm and creamery water 
supplies. Patricia M. FraNKLIN AND GwyNETH 
Grorce. J. Soc. Dairy Technol., 2, 4: 220-222. 
July, 1949. 

Examination of a large number of dairy water 
supplies during the past 20 yr. showed that 82% 
of the farm dairy water samples, 55% of the 
country creamery samples and 28% of the town 
dairy samples contained more than 2 coliform 
bacteria/100 ml. Organisms capable of produc- 
ing an acid curd in litmus milk incubated at 30° 
C. for 48 hr. were found in practically all samples 
that contained coliform bacteria and in some sam- 
_ ples that lacked coliform organisms. 

E. M. Foster 


338. A note on the use of the colony count at 
22° C. in assessing the suitability of a water sup- 
ply for dairy purposes. G. E. Jones. J. Soc. 
Dairy Technol., 2, 4: 222-223. July, 1949. 


The absence of coliform bacteria does not guar- 
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antee the suitability of a water supply for dairy 
use. The author suggests inclusion of a plate 
count in the bacteriological examination of such 
water supplies to detect undesirable organisms 
other than coliform bacteria. He suggests tenta- 
tively the use of standard nutrient agar as the 
medium with incubation for 3 d. at 22° C. 
E. M. Foster 


339. The types of bacteria commonly found in 
farm and creamery water supplies and their ac- 
tion on milk and milk products. S. B. THomas. 
J. Soc. Dairy Technol., 2, 4: 224-232. July, 1949. 


The author presents a general discussion of the 
types of bacteria likely to be found in water sup- 
plies and the effects they may cause based on his 
study of 242 farm water supplies; it is supple- 
mented generously by reference to pertinent pub- 
lished articles. The danger of using untreated 
water for washing dairy utensils, plant equipment, 


-butter, etc. is stressed particularly from the stand- 


point of the introduction of spoilage organisms. 
E. M. Foster 


340. Bacteriological colony counting device 
having a light-conducting member for transverse 
illumination. R.M. Woop. U. S. Patent 2,495,- 
912. 6claims. Jan. 31,1950. Official Gaz. U. S. 
Pat. Office, 630, 5: 1230. 1950. 


To facilitate counting the colonies on a petri 
plate, this counter is so designed that light from a 
lamp is reflected from the polished inside wall of 
a globular-shaped bowl beneath the plate and il- 
luminates the colonies transversely from all sides. 
A mask under the dish prevents direct rays of light 
from shining through the dish from beneath. 

R. Whitaker 


341. The “5-minute” resazurin test for determin- 
ing the quality of raw milk. J.C. Boyp ann H. 
C. Hansen, Univ. of Idaho, Moscow. J. Milk 
and Food Technol., 13, 1: 40-43. Jan.-Feb., 1950. 


The resazurin test using 5, 10 and 15 min. 
periods was compared to the methylene blue test. 
The results showed the 5-min. reading to be the 
most accurate in grading poor milk. Resazurin 
“B” grade milk in 5 min. showed 71.9% of the 
samples had direct microscopic counts ranging 
from 21,000,000 to 60,000,000/ml. 

The authors suggest that the resazurin test 
should be supplemented by other tests, pref- 
erably the direct microscopic count. The “5- 
min.” resazurin test is valuable when the milk will 
reduce methylene blue in 3 hr. or less. 

H. H. Weiser 


342. Preliminary observations on the applica- 
tion of an alcohol screening test, used in con- 
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junction with the ten-minute resazurin test, for 
detecting unsatisfactory milk on arrival at cream- 
eries. ANN E. HuGues AND Dorotuy ELLIson, 
National Milk Testing Service, Brynawel, Abery- 
stwyth. J. Soc. Dairy Technol., 2, 3: 149-151. 
Apr., 1949. 


Alcohol strengths of 76, 72 and 68% were 
compared with the 10-min. resazurin test for de- 
tecting poor quality milk in 378 samples tested 
during the summer of 1948. Relatively good 
agreement was obtained between the alcohol 
tests and the samples showing good quality by the 
resazurin test. However, 27% of the samples 
showing poor quality by the resazurin test were 
not detected by the 76% alcohol, and an even 
greater percentage was missed by the lower alcohol 
concentrations. The authors feel that even though 
a high proportion of poor quality milks is missed 
by the 76% alcohol test it is still more reliable 
than visual and olfactory examination by a plant 
worker. E. M. Foster 


343. The bacteriophage of cheese cultures. C. 
E. ParMELEE, F, E. Netson, G. E. TURNER AND 
P. H. Carr. Iowa Agr. Expt. Sta., Ames. Natl. 
Butter Cheese J., 41, 1: 28-30. Jan., 1950. 


Acid production virtually is stopped in single 
strain cultures when they are attacked by bacterio- 
phage. In mixed cultures an attack by bacterio- 
phage is characterized by slow acid production. 
Bacteriophage particles cannot be seen with the 
ordinary microscope. By use of the electron 
microscope they appear to be sperm-shaped, 220 
muy long, with a head 70 my in diameter. The 
tail is approximately 150 my long and 30 my 
wide. 

A simple method of determining relative num- 
bers of bacteriophage particles in an infected 
material is to add a measured amount of suscep- 
tible culture plus a measured amount of properly 
diluted material to tubes of sterile skimmilk. 
Incubate tubes 12-14 hr. at 32° C. Under these 
conditions the control containing only organisms 
will be coagulated. The presence of bacterio- 
phage is indicated when there is no coagulation 
in the tubes of lower dilution. The amount of 
bacteriophage particles present in the suspected 
material can be judged by the highest dilution 
that evidences bacteriophage activity. 

Another method for determining relative num- 
bers of bacteriophage particles depends on the 
production of clear areas or plaques on agar 
plates. There are several illustrations of this 
method. H. E. Calbert 


344. The occurrence of Proteus spp. in raw 
and pasteurized milk. A. J. Zarett, R. N. 
DoretscH AND P. ARNE HANSEN. Univ. of Md., 


College Park. J. Milk and Food Technol., 13, 
1: 31-34. Jan.-Feb., 1950. 


The frequency of the Proteus group of organ- 
isms in the intestinal tract has been reported by 
several investigators. Obviously milk carelessly 
handled likely will contain human and animal 
excreta. It has been suggested that Proteus 
serve as a test organism to indicate pollution in 
milk instead of the Escherichia-Aerobacter group. 
The use of Proteus would have the added advan- 
tage in that no species differentiation would be 
necessary, since each species would have some 
sanitary significance. The use of urea-recinoleate 
agar culture medium to detect Proteus colonies 
was satisfactory and necessitated no further bio- 
chemical tests. H. H. Weiser 


345. Pyridoxal phosphate and pyridoxamine 
phosphate as growth factors for lactic acid bac- 
teria. W. S. McNutt anp E. E. SNeEtt, Univ. 
of Wis., Madison. J. Biol. Chem., 182, 2: 557- 
567. Feb., 1950. 


In a medium shown to be complete for the 
growth of most lactic acid bacteria, 1 species each 
of Lactobacillus helveticus, L. acidophilus and 
L. delbrueckii grew only when such natural ma- 
terials as malt sprouts or autolyzed yeast were in- 
cluded in the medium. Observations made dur- 
ing the fractionation and concentration of malt 
sprout extract led to tests of the growth-promoting 
effect of phosphate esters of light-sensitive vita- 
mins. For maximum growth of L. helveticus and 
L. acidophilus, 1 my of pyridoxamine phosphate / 
ml. medium is equivalent to 200y malt sprouts 
provided any one of the following substances was 
included: non-specific reducing agents, vitamin 
B,, and thymidine or other desoxyriboside. A 7- 
fold concentration of pyridoxal phosphate could 
substitute for pyridoxamine phosphate; both vita- 
min B, phosphates could be replaced by p-alanine. 

Except for a specific requirement for thymidine 
in these experiments, the strain of L. delbrueckii 


_ responded similarly to phosphorylated vitamin 


B, and p-alanine. 

Pyridoxamine, phyridoxal and t-alanine were 
inactive at the concentrations tested. Coenzyme 
I and II, flavin-adenine dinucleotide, cocarboxy- 
lase and various nucleotides exhibited very low 
activity or were inactive. | H. J. Peppler 


346. Competitive antagonism of ribonucleic and 
desoxyribonucleic acids in the nutrition of Lacto- 
bacillus bifidus. H. R. Sxeccs, J. SpizizEN AND 
L. E. Wricut, Sharpe and Dohme, Inc., Glen- 
olden, Pa. J. Am. Chem. Soc., 72, 2: 811-813. 
Feb., 1950. 


Lactobacillus bifidus (ATCC4963), recently re- 
classified as L. acidophilus, is capable of utilizing 
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either thymidine or vitamin B,, for growth in an 
otherwise complete medium. In the absence of 
either of these substances, this organism responds 
to increasing amounts of intact desoxyribonucleic 
acid (DNA) over a range of 0.5 to 5y/ml. This 
lactobacillus is more sensitive to DNA as an es- 
sential nutrient than to vitamin B,,. Ribonucleic 
acid (RNA) competitively inhibits the utiliza- 
tion of DNA by L. acidophilus. In view of the 
essential nature and widespread occurrence of 
DNA in all living cells, the specific blocking of 
DNA utilization by RNA could be of great im- 
portance in many studies of cellular metabolism. 
H. J. Peppler 
Also see abs. no. 327, 328, 365, 384. 


DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 


347. Isolation of DDT from fats. B. Davmow, 
Food and Drug Administration, Federal Security 
Agency, Washington 25, D.C. J. Assoc. Off. Agr. 
Chemists, 33, 1: 130-132. 1950. 


The conventional Schechter-Haller colorimet- 
ric method for determination of DDT was not 
applicable in the presence of more than traces 
of fat, and the isolation of DDT from large quan- 
tities of fat has remained a serious analytical 
problem. 

The author outlines in detail a more convenient 
and faster method for the separation of fat from 
DDT. Celite (commercial diatomaceous earth) 
impregnated with sulfuric acid-fuming sulfuric 
acid and slurried with carbon tetrachloride holds 
fats within a chromatographic column while DDT 
paced through with the carbon tetrachloride. Re- 
coveries of microgram quantities of DDT from 5 
g. of butteroil ranged from 90 to 100%. 

F. J. Babel 


348. Effect of thymus nucleate on the thermal 
coagulation of albumin solutions. J. P. Green- 
STEIN AND 'M. L. Hoyer, Nat. Cancer Inst., 
Bethesda, Md. J. Biol. Chem., 182, 2: 457-466. 
Feb., 1950. 


The coagulation of bovine and horse serum al- 
bumin and chicken egg albumin in aqueous solu- 
tions (pH 6.4-6.7) was prevented by relatively 
small amounts of sodium thymus nucleate pro- 
vided both albumin and nucleate solutions are 
practically salt-free. One mg. of nucleate nearly 
completely protects about 150 mg. albumin 
against coagulation at 98° C. for 10 min. The 
degree of coagulation of the heated protein was 
nearly linear with decreasing amounts of nu- 
cleate. Yeast nucleate has no apparent effect on 
albumin, even at relatively high concentrations. 
Unlike other agents known to increase the ther- 
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mal stability of albumin, thymus nucleate does not 
prevent denaturation on heating, but only coagu- 
lation. When heated solutions of albumin and 
protecting nucleate were treated with desoxyribo- 
nuclease and magnesium ions, coagulation of the 
heated protein gradually ensued as the protecting 
nucleate was digested. H. J. Peppler 


349. Manufacture of lactalbumin. E. C. Scorr 
anp G. W. McDonatp (Assignors to Swift and 
Co.). U.S. Patent 2,497,420. 2 claims. Feb. 
14, 1950. Official Gaz. U. S. Pat. Office, 631, 
2: 473. 1950. 


The acidity of whey is adjusted to between 0.07 
and 0.12% calculated as lactic acid. It then is 
heated to a temperature at which the albumin 
normally coagulates, but does not under these con- 
ditions. With minimum agitation there is added 
to the quiescent heated whey additional acid to 
bring the whey to 0.15-0.3% calculated as lactic 
acid. This causes the lactalbumin to precipitate 
suddenly in large floating lumps, from which the 
whey readily is drained. R. Whitaker 


350. The sedimentation constant, diffusion con- 
stant and molecular weight of lactoglobulin. R. 
Ceci, anp A. G. Ocston, Univ. of Oxford. 
Biochem, J., 44, 1: 33-35. 1949. 


Sedimentation and diffusion constants were 
made on 3 preparations of lactoglobulin and 
from these values a molecular weight of 35,400 
was calculated. This figure is in good agreement 
with other reported values. There is some dis- 
cussion regarding differences observed. 

A. O. Call 


351. Physics in the dairy industry. R. Harper, 
Nat. Inst. for Research in Dairying, Univ. Read- 
ing, England. J. Soc. Dairy Technol., 3, 1: 
39-45. Oct., 1949. 


The physical characteristics of milk, cream, but- 
ter and cheese are discussed. Normal values for 
viscosity, density, size of fat globules, freezing 
point, refractive index and surface tension are 
given for milk and, in some cases, for cream. 

E. M. Foster 


DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 


352. Apparatus for agitating curds. P. P. Cau- 
MARTIN. U. S. Patent 2,496,001. 3 claims. Jan. 
31, 1950. Official Gaz. U. S. Pat. Office, 630, 
5: 1253. 1950. 


This agitator has 2 flanged rollers which roll 
along the top of the sides of the cheese vat and 
support an arm which extends down into the vat. 
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Attached to the lower end of the arm is a paddle 
wheel-shaped curd agitator, driven by a chain 
and sprocket from a power source above the 
vat. R. Whitaker 


353. Instrumentation for high temperature short 
time pasteurization. W.S. Younc, The Foxboro 
Co., Foxboro, Mass. Am. Milk. Rev., 11, 10: 26— 
29, 50, 51. Oct., 1949. 


Instruments for high-temperature, short-time 
pasteurization include heater temperature con- 
troller, fiow diversion valve operator, cold milk 
recorder and brine temperature controller. An 
electronic timer for determining holding time by 
timing a heat impulse is described. The design 
and mechanics of operation of the flow diversion 
valve are explained. D. J. Hankinson 


354. Routine maintenance of short time high 
temperature control systems. R. E. Otson, Tay- 
lor Instrument Co, Rochester, N. Y. Am. Milk 
Rev., 11, 10: 33,57. Oct., 1949. 


Periodic checking of high-temperature, short- 
time equipment should include (a) cleaning air 
valve in pressure controller, (b) blowing out all 
air filters daily, (c) cleaning air valve in tempera- 
ture controller, (d) checking accuracy of safety 
thermal limit recorder, (e) examining rubber disc 
rings in flow diversion valve for wear and leakage 
and (f) examining all air pipe connections for 
leaks. 

The cause and correction of the following trou- 
bles are indicated: (a) Lag in reaching fixed 
milk temperature, (b) wandering of final milk 
temperature, (c) continuous “hunting” of final 
milk temperature, (d) failure of flow diversion 
valve to operate when milk is at correct tempera- 
ture, (e) failure of flow diversion valve to remain 
in forward flow position and (f) failure of milk 
pump to start. D. J. Hankinson 


355. Refrigeration in manufacture of ice cream. 
H. M. Can. Dairy Ice’Cream J., 29, 
1: 27-29, 74. Jan., 1950. 


In order to have sufficient compressor capacity, 
one should know what refrigeration is required at 


the temperature that one wishes to operate. For 


example, a 10-ton machine will do 10 tons only 
at 19.6 lb. back pressure. About 10% of freezer 
troubles are due to refrigeration. New freezers 
should not be piped up to existing suction and 
liquid lines to the compressor as the lines usually 
are too small to take care of the additional load. 
The installation of an ammonia still is an effective 
way of cleaning the system of oil and “dead” 
liquid. In the hardening room, ice cream hardens 
in about half the time when properly stacked and 
when proper blast fans are used rather than still 


air. The proper oil should be selected for the 
ammonia compressor for the temperature range 
at which the compressor is to operate. Brine and 
brine systems should be kept at pH 9 and at the 
proper specific gravity to give the necessary freez- 
ing point. Sodium chromate inhibits corrosion in 
brines. In all plants operating on a low back 
pressure, it is necessary to install an automatic 
purger. H. Pyenson 


356. Dairy refrigeration. F.N. Beams. J. Soc. 
Dairy Technol., 2, 2: 115-121. Jan., 1949. 


The basic principles of refrigeration are des- 
cribed briefly along with some of the common 
types of refrigerating systems. The application 
of refrigerating equipment to cooling and storage 
of fluid milk and ice cream are discussed. 

E. M. Foster 


357. Standards have to grow. F. A. Faust, The 
Bristol Co., Waterbury Conn. Am. Milk Rev., 
11, 10: 42, 43. Oct., 1949. 


The 3A standards have been established which 
have eliminated threaded construction on in- 
strument fittings in contact with milk. Other sub- 
jects under investigation include homogenizer 
flange, cold milk recorder specifications, storage 
tank sockets, “blister bulb” construction for stor- 
age tank controllers, specifications for high-tem- 
perature, short-time pasteurizers and thermal tim- 
ing methods for determining holding time for 


high-temperature, short-time equipment. 


D. J. Hankinson 


358. Electronic instruments for dairy processors. 
J. Meyer,’ Minneapolis-Honeywell Regulator Co., 
Philadelphia, Pa. Am. Milk Rev., 11, 10: 34, 49. 
Oct., 1949. 


The applications of the pyrometer (thermo- 
couple plus potentiometer) are discussed. Multi- 
point recorders offer certain advantages for con- 
trol work. Such electronic equipment offers an 
obtainable accuracy of 0.125° F. and is difficult 
to break and easy to fix. Instruments not now 
available may be offered to the industry in the 
future. : D. J. Hankinson 


359. Possibilities in the sterilization of milk by 
means of radiations. H. Burton. J. Soc. Dairy 
Technol., 2, 2: 75-80. Jan., 1949. 


The possible applications of radio frequency 
waves, ultraviolet rays, X-rays, gamma rays, cath- 
ode rays, alpha particles, neutrons and sonic and 
ultrasonic waves in the treatment of milk are dis- 
cussed with references to pertinent literature. 
The author believes that of the methods listed 
only ultraviolet radiation seems to be approaching 
the stage where commercial utilization is pos- 
sible. E. M. Foster 
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360. Method of sterilizing and preserving. A. 
Brasco (Assignor to Electronized Chemicals 


Corp.). U.S. Patent Reissue 23,195. 17 claims. 


Feb. 7, 1950. Official Gas. U. S. Pat. Office, 631, 
1: 79. 1950. 


Reissue of U. S. Patent 2,456,909 covering steri- 
lization of milk and other foods by bombardment 
with high speed electrons of a velocity of 1 mil- 
lion volts for not over 0.000001 sec. 

R. Whitaker 


361. Temperature and pressure instruments in 
the dairy industry. A. LesoutiLur, Taylor In- 
strument Co., Rochester, N. Y. Am. Milk Rev., 
11, 10: 8-10, 55. Oct., 1949. 


The Bourdon tube as a temperature and pres- 
sure measuring device is described. Various tem- 
perature control systems are briefly discussed, in- 
cluding on-off control, proportional response, au- 
tomatic reset and the self-acting regulator. The 
application of these control systems to the short- 
time, high-temperature pasteurizer is explained. 

D. J. Hankinson 


362. Bourdon pressure spring. J. W. Beecuer, 
The Bristol Co., Waterbury, Conn. Am. Milk 
Rev., 11, 10: 12, 56. Oct., 1949. 


The design and manufacture of Bourdon pres- 
sure spring for use in pressure and temperature 
measuring instruments is discussed. 

D. J. Hankinson 

Also see abs. no. 336. 


DAIRY PLANT MANAGEMENT AND: 


ECONOMICS 
L. C. THOMSEN, SECTION EDITOR 


363. Waste prevention in the dairy industry. E. 
F. Etprmce. Milk Dealer, 39, 5: 49, 50, 88-94. 
Feb., 1950. 


This is a report of the Task Committee on 


Dairy Waste Disposal of the Dairy Industry Com- 
mittee. The average stream contains from 7-10 
parts of oxygen per million parts of water. 
Wastes from dairy plants deplete this oxygen until 
streams cannot maintain normal aquatic life and 
thus, unpleasant odors, black sludge deposits and 
gray fungus growth result. The oxygen from 
1,600 gal. or normal, unpolluted stream water is 
required to decompose the organic material in 1 
pt. of milk. The average milk receiving station 
with good housekeeping methods can keep its 
milk waste to limits of 4 lb. of biological oxygen 
demand /10,000 lb. of milk, or a milk loss of 
0.35%. The following sources of waste in dairy 
plants and methods of preventing them are dis- 
cussed: (a) Leakage, (b) overflow, (c) spillage, 
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-(d) freezing on, (e) willful waste, (f) residual 


waste and (g) carry over. Data is presented 
showing the approximate average composition of 
milk and milk products, the BOD and population 
equivalent per hundredweight. The most impor- 
tant processes in the dairy industry and the pounds 
BOD loss which can be expected from each proc- 
ess with reasonably modern equipment and care- 
ful operation also is shown. A waste prevention 
program is discussed. C. J. Babcock 


364. Cutting clerical costs. Anonymous. Milk 
Dealer, 39, 4: 43, 70-72. Jan., 1950. 


Pet Dairy Products Co. of Greensboro, N. C., 
has cut clerical costs on accounts receivable by 
one-half through use of photographic equipment. 
The advantages of the system are: (a) The cus- 
tomer has a completely detailed, neat invoice. 
(b) The milk dealer has a full record of each 
transaction on an easily-indexed, ready reference 
film roll. (c) Time-and-a-half of clerical effort 
has been completely freed for other activity. (d) 
Duplication of effort is materially reduced. (e) 
Bills are out sooner, and collections are better. 
(f) Follow-up of inactive accounts is surer and 
faster. 

The microfilm rolls lend themselves to simple 
but complete indexing; reference to current or 
old records is fast. ‘The reader, in addition to 
presenting an image in sharp, clear enlargement 
also serves as a fast, inexpensive printer, should 
a copy of the statement, invoice or other filmed 
document be required. C. J. Babcock 

Also see abs. no. 385, 388. 


FEEDS AND FEEDING 
W. A. KING, SECTION EDITOR 


365. Preliminary observations upon factors in- 
fluencing cellulose digestion by rumen micro- 
organisms. W. Burroucus, N. A. Frank, P. 
GERLAUGH, AND R. M. Betuxe, Dept. of Animal 
Industries, Ohio Agr. Expt. Station, Reynoldsburg. 
J. Nutrition, 40, 1: 9-24. Jan., 1950. 


Cellulose digestion by rumea microorganisms 
was carried out in 500-ml. glass containers at 
40° C. Filter paper was the source of cellu- 
lose. The starting inoculum was a mixed culture 
of organisms taken directly from rumens. CO, 
was bubbled through the liquid. Digestion was 
allowed to proceed for 36 hr. at which time 12 
of the fermentation medium was removed, with 
the remaining amount serving as an inoculum for 
a succeeding 36-hr. digestion period. The portion 
removed was analyzed to determine cellulose di- 
gestion. Those additions to the fermentation 
media which favored cellulose digestion were a 
complex salt solution, ash of alfalfa extract, auto- 
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claved rumen liquid and autoclaved water extract 


of manure. R. K. Waugh 


366. Yellow gas from corn silage. W.H. Peter- 
son, R. W. THoma Anp R. F. ANpDERSON, Univ. 
of Wis. Hoard’s Dairyman, 94, 23: 870-871. 
Dec. 10, 1949. 


Reports of yellow gas, fatal to chickens and 
flies, around the bottom of a silo were investi- 
gated. A sample of such gas was obtained from 
the silo room at the bottom of the chute of one 
of the University of Wisconsin silos. The sample 
was found to contain both nitrites and nitrates. 
Nitrogen dioxide at the rate of 151 parts per mil- 
lion were found. The yellow gas is believed to 
come from the reduction of nitrates in the corn. 
The production of yellow gas stops after a few 
days. No danger from the use of this silage is 
expected. A. R. Porter 


GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 


367. Proving sires and dams. Anonymous. 
Hoard’s Dairyman, 94, 23: 872-873. Dec. 10, 
1949. : 


The report of a committee of the Purebred 
Dairy Cattle Association to set up uniform rules 
for proving sires and dams is given. Seven points 
in the recommended procedure of proving sires 
and dams are listed. A preliminary proof on 
sires is recommended with the first 5 daughter- 
dam comparisons and a proof should be reported 
with 10 or more comparisons. The recommended 
proving of a dam includes weighted values of 
records of the cow, her daughters and her sons’ 
daughters. A. R. Porter 


HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


368. Milk flow controls for milking machines. 
A. G. Perkins. U. S. Patent 2,496,307. 23 
claims. Feb. 7, 1950. Official Gaz. U. S. Pat. 
Office, 631, 1: 92. 1950. 


A spring-loaded valve is described which con- 
trols the milk flow from a vacuum operated milk- 
ing machine, cutting off the vacuum when the 
milking operation is complete. R. Whitaker 


369. Supporting means for milking apparatus. 
S. Daty (Assignor to International Harvestor 


Co.). U.S. Patent 2,497,299. 5 claims. Feb. 
14, 1950. Official Gaz. U. S. Pat. Office, 631, 
2: 442. 1950. 


A stand equipped with rack and pinion allows 
adjustment of a milk collecting vessel below the 


udder. The teat cups are attached with relatively 
short hose connections. R. Whitaker 


370. Milking system and apparatus therefor. 
G. R. Duncan. U. S. Patent 2,498,401. 14 
claims. Feb. 21, 1950. Official Gaz. U. S. Pat. 
Office, 631, 3: 824. 1950. 


Milk cans standing in a refrigerated cabinet are 
filled directly from a milking machine through 
a device located in the cover of the cans which 
permits discharge of the milk with no loss of 
vacuum. R. Whitaker 

Also see abs. no. 398. 


ICE CREAM 
C. D. DAHLE, SECTION EDITOR 


371. Ice cream—paper containers in relation to 
shrinkage. J. A. Metser, Mich. State College, 
East Lansing. Sou. Dairy Prod. J., 47, 3: 30-31. 
Mar., 1950. 


Results of the experiment reported indicate 
that containers in themselves will not necessarily 
prevent shrinkage, but certain treatments of the 
containers may retard the volume loss to some ex- 
tent. Coating paper containers with paraffin or 
glassine definitely lessened the degree of shrinkage 
of ice cream. F. W. Bennett 


372. Formulas for making sherbets with whey 
on a commercial scale. F. E. Porter ann D. H. 
Wituiams, U. S. D. A., Washington, D. C. Ice 
Cream Trade J., 46, 2: 52. Feb., 1950; Ice 
Cream Rev., 33, 7: 53. Feb., 1950. 


See abs. no. 218. 


373. The manufacture of culturized ice cream. 
W. H. E. Rem, Univ. of Missouri, Columbia, AND 
C. B. Acre, R. M. HancKEL Anp R. H. Tuomas. 
Sou. Dairy Products J., 47, 3: 34, 122-124. Mar., 
1950. 


The effects of the addition of a dehydrated cul- 
ture of lactic acid bacteria in de-fatted milk in 
ice cream were studied. The acidity of the de- 
hydrated culture was standardized to a pH slightly 
above that of non-fat dry milk solids, prior to de- 
hydration by the addition of a standardizing 
agent “Minsol.” 

Dehydrated culture used as a source of serum 
solids imparted a distinctive culture flavor to ice 
cream. Mixes containing 3 and 5% of dehy- 
drated culture were superior in smoothness and 
mellowness of body and closeness of texture. De- 
hydrated culture showed unusual stabilizing prop- 
erties and when added at the rate of 5% of the 
total weight of the mix, tended to cause the result- 
ing ice cream to be too stable. F. W. Bennett 
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374. Fruit strainer. J. B. Orrext (Assignor to 
Abbotts Dairies, Inc.). U. S. Patent 2,496,636. 
6 claims. Feb. 7, 1950. Official Gaz. U. S. 
Pat. Office, 631, 1: 178. 1950. 


This device separates the juice from the pulp of 
fruit for flavoring ice cream, etc. A screw con- 
veyor, operating in a perforated cylinder within a 
closed inclined cylinder of larger diameter, pro- 
pels the pulp along to a discharge hole, while the 
juice escapes through the perforations and is col- 
lected between the 2 cylinders and is removed 
through a bottom drain. R. Whitaker 


375. Cocoa products for ice cream. L. FREUND- 
ticH, Hooton Chocolate Co., Newark, N. J. Ice 
Cream Trade J., 46, 2: 62, 63, 72. Feb., 1950. 


Choice of flavoring material may depend on the 
price relationship of milk fat and cocoa butter, 
also on whether the manufacturer has an homog- 
enizer. If no homogenizer is available, it is best 
to use cocoa, because it is easier to disperse it into 
a syrup than it is to disperse chocolate liquor. 
Less stabilizer is recommended for chocolate ice 
cream than for vanilla, and the higher the fat con- 
tent of the chocolate flavoring the less stabilizer 
will be needed. 

Cocoa should be free from gritty matter. All 
of it should pass through a 100 mesh sieve and at 
least 97% through a 200 mesh sieve. The finer 
the powder, the better will be its flavor. The 
numerous varieties of cocoa beans each has its 
characteristic color and flavoring. Chocolate and 
cocoa manufacturers blend different cocoas to get 
the desired color and flavor characteristics for 
ice cream. 

Color intensity in chocolate ice cream may be 
due to variation in density, manner of dipping 
shrinkage or change in acidity due to bacterial 
activity. W. H. Martin 


376. Ice cream disher. S. BioomrFietp. U. S. 
Patent 2,498,331. 2 claims. Feb. 21, 1950. Offi- 
cial Gaz. U. S. Pat. Office, 631, 3: 807. 1950. 


This is a modification of the well known semi- 
circular ice cream disher with a blade which ro- 
tates within the bowl to discharge the ice cream. 
The novel feature is the ratchet arrangement 
which rotates the shaft attached to the discharg- 
ing blade. R. Whitaker 


377. Melvern’s “prepacked” low overrun, bulk 
pint. Ice Cream Trade J., 46, 2: 42, 106. Feb., 
1950. 


Melverns Dairies, Inc., of Washington, D. C., 
are marketing a factory-filled, pail-type package 
of ice cream which contains 14% fat and 43% 
overrun retailing at 35¢/pt. and costing dealers 


26¢. All pre-packed bulk pints are sold in solid 
flavors in specially designed cartons. In order 
to freeze the ice cream with 43% overrun, it is 
necessary to reduce the freezer capacity one-third. 
W. H. Martin 


378. Producing sandwiches in volume with low 
labor costs. Anonymous. Ice Cream Trade J., 
46, 2: 66. Feb., 1950. 


A potential process developed by LeRoy Foods, 
Inc., Brooklyn, N. Y., makes possible production 
of 400 doz. ice cream sandwiches an hour at a 
cost of about 1¢/doz. Sandwich wafers 2.75 in. 
square placed in individual special cartons hold- 
ing 3.5 fluid oz. are used. Units of 24 are filled 
with ice cream directly from the freezer and go 
on to the hardening room. W. H. Martin 


379. Recent developments in making ice cream 
novelties. E. J. Orxen, Good Humor Corp., 
Brooklyn, N. Y. Ice Cream Trade J., 46, 2: 50. 
Feb., 1950. 


Production of chocolate-coated ice cream stick 
confection has grown to 3-3.5 billion annually, 
valued at $300,000,000. Details of current prod- 
uction practices are given. W. H. Martin 


380. The flaming nut sundae. Anonymous. Ice 
Cream Trade J., 46, 2: 46. Feb., 1950. - 


The flaming nut sundae was introduced by the 
Liggett-Rexall Drug Store Chain. A pint of 
vanilla ice cream is cut in half lengthwise and 
one-half placed in a banana split dish. Hot 
fudge (1% oz.) then is streamed lengthwise over 
the ice cream and 1 tablespoon of pecan bits 
is sprinkled over this. Half a marshmallow is 
placed in the center with a cube of sugar freshly 
moistened with 3 drops of lemon extract on it. 
The extract, containing about 80% alcohol, burns 
brightly when lighted. The sundae sells for 29¢. 

W. H. Martin 


381. 1949 gallonage. Anonymous. Ice Cream 
Trade J., 46, 2: 44, 98. Feb., 1950. 


According to figures released by the U. S. D. A., 
the estimated 1949 production of ice cream was 
553,650,000 gal., 3% below the 1948 volume. 
New York State’s production was 61,440,000 gal., 
an increase of 5 million gal. over that of 1948. 
Pennsylvania produced 65,380,000 gal., a slight 
increase over 1948. W. H. Martin 


382. The new national drug store survey. Ice 
Cream Trade J., 46, 2: 74-82. Feb., 1950. 


See abs. no. 302. 
Also see abs. no. 355, 356, 391. 
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MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 


383. “Trouble shooting” in quality control work. 
W. A. Corves, National Dairy Products Co., Inc. 
Milk Dealer, 39, 4: 41, 102. Jan., 1950. 


A discussion is given of quality defects in dairy 
products which are a result of the following fac- 
tors: (a) poor quality of raw materials, (b) lack 
of proper processing equipment to do the job, (c) 
failure of equipment to do the job for which it is 
designed, (d) lack of proper facilities and sup- 
plies, (e) failure of personnel to use equipment 
properly to do the best possible job with the fa- 
cilities available, and (f) failure of management 
and supervision to supply personnel with direc- 
tions and formuias and to instruct, supervise and 
check personnel. The necessity of training and 
experience is emphasized. C. J. Babcock 


384. Screening and rejection tests in relation 
to the keeping quality of milk. ELEANor JoNneEs- 
Evans. J. Soc. Dairy Technol., 2, 4: 232-236. 
July, 1949. 


A 72% alcohol test and the 10-min. resazurin 
test were compared on 1,341 samples of milk 
taken at 9 creameries in mid- and south Wales 


during April-Sept., 1948. Accuracy of the tests in | 


detecting milk of. poor quality was checked by 
comparing with keeping quality of the samples as 
determined by holding at 20° C. and performing 
clot-on-boiling tests at intervals. 

The alcohol screening test was judged un- 
reliable because it passed as satisfactory a high 
proportion of samples with keeping quality times 
less than 12 hr. Samples judged unsatisfactory 
by the 10-min. resazurin test (disc numbers 0-3.5) 
usually had unsatisfactory keeping times (less 
than 12 hr.). However, samples with higher disc 
number (4-6) showed a wide range of keeping 
quality times. It was concluded that disc read- 
ings of 4-6 on the 10-min. resazurin test gave 
little indication of the actual keeping quality of 
the milk. : E. M. Foster 


385. Can the Northeast forget manufactured 
milk? E. O. Martner, Dellwood Dairies, Yonk- 
ers, N.Y. Am. Milk Rev., 11, 11: 2-4, 55. Nov., 
1949. 


The formula method of determining the price 
of Class I (fluid) milk in the Boston market is 
unrelated to the price of milk for manufactured 
dairy products. The New York Class I-A price 
is tied to the Boston Class I price. Until 1948, 
the price of milk for fluid purposes was approxi- 
mately $1.25/cwt. over the midwestern con- 
densery price. In the 10-mo. period Sept., 1949, 
through June, 1949, the New York Class I-A price 


was $2.49/cwt. or almost double the historical 
price. The problems resulting from this price 
relationship are (a) increase in milk production 
causing lowered blend price, (b) increased pres- 
sure from outside producers to get into the pool, 
causing a lowered blend price, (c) very low prices 
for surplus milk which ‘is in competition with 
midwestern cream and butter and (d) consump- 
tion of evaporated milk encouraged at the ex- 
pense of fluid milk. Furthermore, with formula 
pricing of Class I (fluid) milk according to eco- 
nomic conditions and with government support 
for manufactured dairy products, it is possible 
that northeastern producers might experience a 
very low return if economic conditions become 
serious. D. J. Hankinson 


386. The consumer looks at a bottle of milk. 
Mrs. Mitprep Mesxit, N. Y. State Dept. of 
Commerce, Albany, N. Y. Milk Dealer, 39, 4: 
46, 78-82. Jan., 1950. 


A questionnaire distributed to consumers in 3 
major up-state New York urban areas reveals 
that 34 of all the people interviewed had milk 


delivered at home and 24.6 of the remaining 25% — 


purchased milk in some form or other, usually 
from the local store. Most consumers demanded 
regular delivery and 93% agreed they got it but 
22% were not satisfied with the delivery time. 
There was an overwhelming preference for square 
glass containers. Fifty-six per cent did not want 
the 2-qt. bottle and many of those who would use 
it would expect a price reduction. Sixty-two 
per cent indicated that they found it desirable to 
purchase other commodities from the milkman. 
In the low income group, 60% bought milk be- 
cause it was good for them, while in the middle 
income group 78.8% bought for this reason. In 
the first group, 63.3% used it in cooking; the 
latter group bettered this figure by 10%. Fifty 
per cent of all respondents bought because it 
was good for the children and 45% simply be- 
cause it tastes good. Three-fourths of all who 
answered were familiar with homogenized milk; 
half of these purchased it and of that total 86% 
prefer it. The only objection to homogenized 
milk was no “top milk” for coffee or cereal use. 
Some 98.5% of those replying use fresh milk; 
43.6% use evaporated milk; 37.9% use cream; 
27.9% use chocolate milk and 1.7% use pow- 
dered milk. C. J. Babcock 


387. What do consumers think of bottled fresh 
concentrated milk? G. M. Trout anp G. G. 
QuANKENBUSH, Michigan State College, East 
Lansing. Am. Milk Rev., 11, 11: 42-45, 55. 
Nov., 1949. 


See abs. 147. 
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388. Milk tokens. P. G. Kemp. Can. Dairy 
Ice Cream J., 29, 1: 33, 71. Jan., 1950. 

The cost of milk tokens is only about 25% 
of the cost of tickets. There is a savings of the 
cashier’s time and the route salesman’s time. 
Customers have accepted tokens about 99.5%. 
Milk tokens easily drop out of a damp milk bot- 
tle. Large stocks of tokens are not needed as 
they are kept in circulation. On a 10,000 qt. 
of milk/month basis, only 1,500 milk tokens 
would be required for each product. Counter- 
feiting has not yet been a problem. H. Pyenson 

Also see abs. no. 325, 341, 342, 344, 357, 359, 
360. 


MILK SECRETION 
V. R. SMITH, SECTION EDITOR 


389. Some recent researches on milk secretion. 
H. D. Kay. J. Soc. Dairy Technol., 3, 1: 17-21. 
Oct., 1949. 

A discussion of the role of hormones in milk 
secretion is presented. E. M. Foster 


NUTRITIVE VALUE OF 
DAIRY PRODUCTS 
R. JENNESS, SECTION EDITOR 


390. Food value of milk and dairy products. 
E. A. Martin. Can. Dairy Ice Cream J., 29, 
2: 66-76, 88. Feb., 1950. 

This paper was delivered by the author at the 
12th International Dairy Congress, Stockholm, 
Sweden, 1949. It covers rather completely the 
food value of milk, butter, cheese, whey and 
ice cream and means of increasing their con- 
sumption through nutritional research projects, 
printed literature, motion pictures, advertising, 
convention exhibitis, publicity and leader con- 
tacts. H. Pyenson 


391. Ice cream in the field of nutrition. H. D. 
Branion. Can. Dairy Ice Cream J., 29, 2: 39- 
41, 90. Feb., 1950. 

Ice cream has been shown to be a food and 
not a confection. Assays and analyses on ice 
cream from a nutritional angle are few. Ice 
cream stands out for mineral calcium, ribo- 
flavin and vitamin A content. Canadian die- 
tary often lacks calcium and riboflavin and by 
increasing the consumption of ice cream more 
would be obtained. H. Pyenson 


PHYSIOLOGY AND 
ENDOCRINOLOGY 
R. P. REECE, SECTION EDITOR 


392. The response of the ovary of the anestrous 
goat to pregnant mares’ serum gonadotrophin. 


S. J. Forrey, A. L. Greenpaum anp A. Roy, 
Nat. Inst. for Research in Dairying, Univ. of 
Reading, England. J. Endocrinol., 6, 2: 121- 
131. Oct. 1949. 

Goats during the anestrous season were. brought 
into estrous by the injection of pregnant mares’ 
serum (p.m.s.) and subsequently mated. Of 35 
goats injected with a single subcutaneous dosage 
of 1200 i.u. of p.m.s. and brought into heat, only 
22.8% produced young following copulation. 
This low conception rate could be accounted for 
in part by a lowered fertility of the male during 
the anestrous season. No differences in response 
were observed in comparing subcutaneous to 
intravenous hormone dosage. The dosage used 
induced super ovulation but no concomittant 
superfetation was noted. In some cases, estrous 
did not follow p.m.s. injection although ovula- 
tion was known to have occurred. V. Hurst 


393. Influence of variation in environmental 
temperature and thyroid status on growth and 
feed consumption of the male mouse. M. 
Magsoop anv E. P. Retnexe, Mich. State Col- 
lege, East Lansing. Am. J. Physiol., 160, 2: 
253-258. Feb., 1950. 

Growing male mice were studied under en- 
vironmental temperatures of 24 and 30° C. 
with a relative humidity held between 45-55%. 
Control mice were fed Purina laboratory chow 
and experimental mice were fed the chow plus 
varying amounts of thiouracil or thyroprotein 
or combinations of thiouracil and thyroprotein. 
Feed and water consumption were measured. 

Control mice at 30° C. gained less weight than 
control mice at 24° C. Thiouracil feeding de- 
pressed growth at both temperatures. A dosage 
of thyroprotein (0.025%) which stimulated 
growth at 24° C. caused growth depression at 
30° C. Growth stimulation by feeding thyro- 
protein could be induced at 30° C. but the 
stimulating dosage had to be reduced to 0.005% 
of the ration. 

Thiouracil feeding lowered both food and 
water consumption at high and low temperatures. 
Thyroprotein feeding increased food intake in 
proportion to dosage even when increased dosages 
meant decreased body gains as compared to con- 
trols. V. Hurst 


SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 
394. Equipment cleaning programs. K. R. 
Fow er, National Dairy Products Co., Inc., New 


York, N. Y. Ice Cream Trade’ J., 46, 2: 60, 
114. Feb., 1950. 


Cleaning compounds should be weighed or 
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measured into bags and dispensed to the people 
doing the cleaning. One of the most economical 
ways of making up a cleaning solution is to use 
a centralized solution tank from which the 
heated solution may be piped to points of use 
and then dispensed through 0.25-in. hoses, with 
shut-off valves onto equipment to be cleaned. 
This method may save from $600-$4,000/yr., 
depending on the size of the plant. 

A hot water generator or instantaneous sys- 
tem, in conjunction with temperature controls, 
water pressure regulators, 0.5-in. hose and shut- 
off valves will cut down fuel consumption as 
much as 50% over the common method of mix- 
ing steam and cold water. A water pressure of 
25-40 Ib. at the hose and a temperature of 115- 
120° F. will do an effective job of cleaning. 

Phosphoric acid has been found more satis- 
factory for removal of milk stone than scouring 
powders. Sterilization is accomplished by using 
liquid chlorine, 10-15% available chlorine made 
up 220 ppm for spraying, 100 ppm for brushing 
and 50 ppm for flowing through pipes, pumps 
and vats. A spray gun with air pressure is the 
most effective means for sterilizing vats, tanks, 
coolers and other open surfaces. 

Nylon-filled brushes have proved much more 
effective and less expensive in the long run to 
the conventional type of cleaning brushes. 

W. H. Martin 


395. The cleaning and sterilization of milk 
plants. A. Row anos, Nat. Inst. for Research 
in Dairying, Univ. Reading, England. J. Soc. 
Dairy Techunol., 2, 3: 152-156. Apr., 1949. 


The principles of cleaning and sterilizing dairy 
equipment are discussed along with the applica- 
tions of various methods. The uses of steam, 
hot water, chlorine, alkalies and quarternary am- 
monium compounds are considered briefly. 

E. M. Foster 


396. The importance of efficient washing of 
utensils for steam and hypochlorite sterilization. 
A. H. Watters, C. M. Cousins anp S. B. 
Epmunps. J. Soc. Dairy Technol., 2, 3: 136- 
139. Apr., 1949. ; 


A comparison of the bacteriological quality 
of milk produced on 2 farms during the summer 
of 1947 showed that high quality milk could be 
produced with either steam or hypochlorite steri- 
lization of utensils provided the equipment was 
cleaned well before sterilization. One of the 
farms practiced machine milking, the other hand 


milking. Both used steam sterilization during 
the Ist half of the test period and hypochlorite 
during the latter half. Poor quality milk was 
produced only during the time when utensils 
were improperly cleaned before sterilization. 

E. M. Foster 


397. Chemistry of cleaning farm milking equip- 
ment. D. Levowitz, N. J. Dairy Laboratories, 
New Brunswick, N. J. Milk Dealer, 39, 4: 
104-107. Jan., 1950. 


The chemistry of cleaning utensils used in 
handling milk is discussed to show that the prac- 
tice of “rinsing milking utensils with cold water, 
directly after use” has needlessly complicated 
dairy farmers’ lives and caused the production 
of oceans of poor milk; milk residues can be 
perfectly removed from utensil surfaces by dis- 
persing them with appropriate wetting agent solu- 
tions, then flushing with plain water. 

C. J. Babcock 


398. The sanitizing of milking machines. A. C. 
F. V. Kostxowsxy, H. W. SEELEY 
AnD A. A. LEVENTHAL. Cornell Univ., Ithaca, 
N. Y. J. Milk and Food Technol., 13, 1: 5-18, 
24. Jan—Feb., 1950. 


Good sanitizing results were obtained with 
neutral nonionic detergent and quaternary am- 
monium compounds when they were used with 
accepted sanitary procedures. When used to- 
gether, they were not good solvents of dirt on 
milker rubber tubes. Quaternary ammonium 
compounds used alone or with nonionic deter- 
gents were not satisfactory in sterilizing unclean 
rubbers, but the combination gave good results 
when the rubbers were brush-washed in a hot 
solution. C1 solution was not as effective as 
lye when used as a solvent cleaner and sterilizer. 
The sterilization action of the alkaline and the 
quaternary compounds was increased by the 
alkaline solution. If a pH from 9.5-10.5 was 
not maintained in the washing solution, the 
quaternaries failed to destroy Pseudomonas 
organisms. 

A satisfactory sanitizer for cleaning and steri- 
lizing was suggested. It contained tetrasodium 
pyrophosphate, trisodium phosphate, sodium 
carbonate, a nonionic surface active detergent 
and a quaternary ammonium compound. A 
solution of this mixture had a pH of 10.5 and 
was very effective as a sanitizer for dairy utensils. 

H. H. Weiser 

Also see abs. no. 347. 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma pro- 
ducing qualities. 


The standard with 
foremost operators 
agricultural schools & 
colleges. 
FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 

bottles $2.00. 
SPECIAL FLAV-O-LAC FLAKES ‘‘40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 


THE 


DAIRY LABORATORIES 


ASSOCIATE 
28rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 


New York Baltimore Washington 
See our catalog in Dairy Industries Catalog 


DAIRY PREPARATIONS 


For Top Quality Dairy Products 


CHEESE RENNET AND COLOR 
ANNATTO BUTTER COLOR 
‘DANDELION BUTTER COLOR 
CERTIFIED BUTTER COLOR 
"STARTER DISTILLATE 
ICE CREAM COLOR 
LACTIC FERMENT. 


CULTURE CABINETS 
RLESS TYPE DAIRY FLY SP 
TESTING SOLUTIONS ©. 


CHR. HANSEN’S LABORATORY, INC. 


MILWAUKEE 14, WISCONSIN 


Planned 
| Sanitation 


helps you attain correct, 
year-around sanitation 


especially designed and easily 
applicable to all dairy plants 


gives plant operators a logical 
plan for assuring complete. easy, 
| economical cleaning and disin- 
fecting 


provides training in correct san- 
ttation procedures for plant 
| clean- “uD crews 


aids in the production of higher 
quality dairy 


Complete information and jechnicol data . 
compiled especially for you are available 
upon request. We will be pleased to help you 


with your problems. Your inquiry 's 


THE DIVERSEY CORPORATION 
1820 Roscoe Street, Chicago 13, Ill. 
In Canada: The Diversey Corporation 
(Canada) Ltd. 
100 Adelaide Street West, 
Toronto, Ontario 


Your advertisement is being read in every State and in 45 Foreign Countries 
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BACK COPIES 
of 


Journal May Be Available 


TOU 


The Association has available back copies of the Journal of 


Dairy Science. If you need back copies, please write and 


inquire as to whether the particular one that you need is 


available. In some cases we have only a few volumes and 


we do not sell them unless the complete set of volumes is 


purchased. In many cases we have six or eight volumes 


complete with 50 or 100 copies available of certain numbers 
such as the November or December issue. 


The cost of the first sixteen volumes if available is $5.00 
each. The cost of Volumes 17 to the last year is $6.00 
each. Individual numbers when available are $1.00 each. 


\ 


If you are interested in procuring back copies please write 
to the Sec’y-Treas., American Dairy Science Assn., c/o Ohio 
State University, Columbus 10, Ohio. Make all checks 
payable to the 


AMERICAN DAIRY SCIENCE ASSOCIATION 


Your advertisement is being read in every State and in 45 Foreign Countries 
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ECONOMIZE WITH 


The economy of direct steam heating is well recog- 
nized: it eliminates the need for purchase and main- 
tenance of a hot water circulating system. And the 


Mojonnier Tubular Heater makes direct steam heat- 
ing as practical as it is economical. An internal 


system that distributes steam evenly throughout the 
entire unit, and a built-in desuperheating device 
minimize and prevent stickage and burn-on. Oper- 
ates with either high pressure steam reduced to low 
pressure or exhaust steam, keeping the temperature 
split between steam and product as low as neces- 
sary. If you have a pre-heating or pasteurizing 
problem, consult Mojonnier for full information on 
the advantages of direct steam heating in your plant. 


Mojonnier Bros. Co., 4601 W. Ohio St., Chicago 44, Ill. 


Mojonnior 


Mojonnier 
Tubular Heater in 
Large Southwestern Dairy 


TUBULAR HEATERS 


Other Mojonnier Engineered Dairy Units Include: Cold-Wall Tanks e Vacuum Pans e Tubular 
Evaporators e Zone-Control Vats e Milk Testers e Compact Coolers e Tubular Coolers e Labora- 
tory Equipment and Supplies e Vacuum Fillers e Bottle, Case and Can Conveyors 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 


DENINET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marschall Rennet 


NON-MEMBERS generously for maximum results. 
Cloth Bound ........... $5.50 MARSCHALL 
Paper Bound ........ ... 5.00 DAIRY LABORATORY, INC. 


MADISON 3, WISCONSIN 


Your advertisement is being read in every State and in 45 Foreign Countries 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.—Manuscripts should be submitted in double spacing on one side of suitable 
§3”x11” paper. The original copy should be furnished. ll illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. In order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (83”x11”). ll lettering should 
be inked in block style and be of such size that the lettering will be not less than 3 in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Tabular Material.—Tabular material should be clear, concise and accurate. Often data 
ean be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chro- 
nological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jongs, L. W., anp SmiTH, J.D. Effect of Feed on Body 
of Butter. J. Darry Sct., 24: 550-560. 1941. 

Sample of book citation: (1) LANDSTEINER, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) Couurss, 8. T., 
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s) ; ec., cubic centi- 
meter(s); g., gram(s); mg., milligram(s); y, microgram(s); ml., milliliter(s) ; ‘my, millimi- 
eron(s) ; C., Centigrade; F., Fahrenheit ; lb., pound(s) ; 0z., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In preparing manuscripts, use of first person should be avoided. 
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FRIGIDRY 


Reg. U.S. Pat. Off. 
Lyophilized Dairy Cultures 


The importance of the original culture in producing cultured dairy prod- 
ucts cannot be over-emphasized. Sub-zero, high-vacuum drying techniques 
developed during World War II for sensitive biological fluids like blood 
ans and penicillin have been adapted to the manufacture of Frigidry 
cultures. 


This has resulted in hyper-viable, stable cultures which produce optimum 
acidity, flavor and aroma in mother cultures in one generation. 


You will save time—save money—avoid trouble by using rapid-growing 
Frigidry cultures to produce mother culture in one generation and take 
guess work out of making good cultured dairy products. We have several 
leaflets which give the complete story. Write for them. 


BODY -GUARD 


Reg. U.S. Pat. Off. 


Ice Cream Stabilizer and Emulsifier 


The value of stabilizers to control body and texture of ice cream is well 
established. Small amounts of Body-Guard, because of its high content 
of especially selected active ingredients, produce top quality results both 
as a stabilizer and emulsifier. 


Body-Guard is a double duty product. No additional emulsifier—no addi- 
tional egg products are required. Small quantities will produce a well 
stabilized ice cream mix. Greater amounts may be added to meet seasonal 
requirements without creating objectionable viscosity problems. Body- 
Guard is economical—it is flexible—it is convenient and it adds sales ap- 

peal — ice cream. For full information, write for Leaflet No. 207 and 
trial offer. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK CHAGRIN FALLS, OHIO 


Your advertisement is being read in every State and in 45 Foreign Countries 


| for Microbiological Assay 
| of 
| VITAMINS and AMINO ACIDS 


| Bacto dehydrated media containing all the necessary nutriments and 
] growth factors for the microbiological assay of vitamins and amino acids 
are now available from Difco. These basal media require only the addition 
} of graduated amounts of the substance under assay to obtain linear growth 
} of the test organism for construction of the standard curve. The vitamin 
or amino acid content of the material under assay is determined by adding 
appropriate concentrations of the test substance to the basal medium and 
comparing the growth response obtained with the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM 


BACTO-FOLIC ACID ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-THIAMIN ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-VITAMIN B,,. ASSAY MEDIUM 


x * 


* 


The method employed in carrying stock cultures of the test organisms and 
preparing the inoculum for microbiological assay is important. The fol- 
lowing media have been developed especially for carrying stock cultures 
and for preparation of the inoculum. 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid hydrolysate of 
vitamin free casein prepared especially for laboratories investigating 
microbiological assay of vitamins. 


Descriptive literature is available upon request. 


Specify “DIFCO” 


The Trade Name of the Pioneers in the Research and Devel- 
opment of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 
DETROIT 1, MICHIGAN 
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